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Second SUBDIVISION. 


METALS. 
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Tan Metallic Hlements or Pure Metals are solid at ordinary temperatures, 
with the exception of Mercury, which is liquid—neyer gaseous: they are 
all however fusible, and for the most part volatile at high temperatures. 
Their specific gravity les between 0°800 and 22:000. Some of the 
inetals are brittle, and are known as the Brittle Metals or Semimetals ; 
others yield, without breaking, to the blow of a hammer or to pressure, 
and may be formed into plates or drawn out into wire by mechanical 
means: these are the Malleable or Perfect Metals, Hxtensible and Ductile 
Metals. Their crystalline forms belong, some to the regular, others to the 
rhombohedral system. The metals, if not absolutely opaque (since gold 
in very fine lamine is translucent) are yet the most impervious to light 
of all known bodies; they are distinguished also by a peculiar lustre 
connected with their opacity, which only disappears when they are 
reduced to a state of fine powder, and is again restored by pressure with 
the burnishing steel, which produces a continuous surface; they are also 
the best conductors of heat and electricity. 

All the metals unite with oxygen, the combination being sometimes 
attended with development of light and heat: when thus combined, they 
generally lose their metallic lustre. From this union with oxygen there 
are produced—besides several suboxides and peroxides—a great number 
of salifiable bases, and likewise a few acids, for the most part not very 
powerful. Some of the metals when oxidized retain their oxygen with 
but a feeble atlinity, and at a somewhat elevated temperature give 16 off 
completely in the state of gas ;—Woble Metals, reducible by heat alone;— 
others retain it much more powerfully, and, to whatever temperature 
they may be heated, either give up no oxygen at all, or only a part of 
that with which they are combined, so that their reduction to a regulus 
or to the metallic state, can only be effected by ignition with charcoal 
or some other combustible substance:—Dase metals, not reducible by heat 
alone. | 
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The number of metals hitherto discovered amounts to 49 (or 51, if A 
Niobium and Ilmenium be included); they may be arranged in the — 
following groups: 

. A. Lieur Murats. The specific gravity of these metals lies, as far as 
is yet known, between 0°860 and 5:000.—These metals'possess a remark- 
ably strong affinity for oxygen, many of them rapidly decomposing 
water at ordinary temperatures. Their compounds with oxygen gene- 
rally play the part of salifiable bases; one only has a more acid character, 
and a few are either peroxides or suboxides. 

The Light Metals are: : 

a. Alkali-Metals. Those namely by whose union with oxygen are 
formed the Alkalis mentioned at page 4, Vol. IL, and distinguished from 
Ammonia or the volatile alkali, by being jiaed or permanent in the fire. 
They decompose water, even at 0°, with great violence.—PoTassiuM, 
Sopium, Lirnium, Barium, StrRontTIuM, and CaLcium. 

b. Harth-Metals. So called because with oxygen they generate 
the Harths (IL, 4); these metals slowly decompose water at ordinary 
temperatures, and for the most part with ease, when aided by heat or by 
the addition of an acid.—Macnersium, Certum, LANTHANUM, DIDYMIUM, 
Yrrrium, Ersium, Trersium, Guiucinum, ALUMINUM, 'THORINUM, 
ZIRCONIUM, and SILicium. 


B. Heavy Merats. The specific gravity of these metals lies between 
5°308 and 22-000; some of them are brittle, others malleable; their melt- 
ing points differ considerably. Some are capable of separating oxygen 
even from its combinations with the light metals, whilst others manifest 
but little affinity for that element.—Their oxygen compounds are either 
Heavy Salifiable oxides, (see Vol. IL, pp. 39, 40) or Metallic Acids, 
Suboxides and Peroxides. 

The Heavy Metals are: 

a. Base Metals not reducible by heat alone: these are, 

a. Brittle, and also 

aa. Doficultly fusible—Titanium, Tanratum, Niopium, PELoprum, 
Tuna@sTten, MotysppEnumM, VanApium, Caromium, Uranium, and Man- 
GANESE. 

CC. EHasily fusible or Volatile—ArsEnic, ANTIMONY, TELLURIUM, 
and BismuTH. 

€. Malleable-—Z1nc, Capmium, Tin, Leap, Iron, Copaut, NicKeEt, 
and CoprEr. 

b. Noble Metals, reducible by heat alone.—Murcury, Sinver, Gorn, 
Puatinum, PALLADIUM, Ruopium, [ripium, RutHENtum, and Osmium. 


CuHapter I. 


POTASSIUM, 


On the reduction of the Alkaline and Earthy Metals: 

Sir Humphry Davy. Phil. Transact. 1808, 1; also Gwb. 31, 113; also 

NV. Gehl. 7, 595.— Phil. Transact. 1808, 333; also WV. Gehl. 9, 484; 

also Gulb. 32, 365; 33, 257.—Phil. Transact. 1809, 39; also Schw. 

1, 302 & 324; also Gilb. 35, 151, and 36, 180.—Phil. Transact. 

1810, 16; also Schw. 3, 334; also Gilb. 37, 35. 

On the Metals of the Earths. Guilb. 37, 186. 

Gay-Lussac & Thénard, Recherches physico-chimiques, 1, 74 to 386.— 
Further: V. Gehl. 5,703; also Gib. 29, 1385.—Further: Gulb. 32, 23. 

Controversy between Davy & Gay-Lussac & Thénard. Schw. 1, 331; 
also Gulb. 35, 179;—Gilb. 36, 204;—Gulb. 36, 217;—Schw. 1, 338; 
also Gulb. 36, 222; and Gilb. 36, 232. 

Berzelius & Pontin. Gilb. 36, 247. 

Berzelius. Gud. 37, 416. 

Erman & Simon. Giulb. 28, 121. 

Von Jacquin, Gruner, Erman & Simon, Seebeck & Ritter. lb. 28, 329 
to 372. 

Curaudau. Ann. Chim. 66, 97; also Gulb. 29, 85; also WV. Gehl. 5, 699. 

Trommsdorff. Glb. 30, 330. 

Tennant. Ann. Chim. 93, 291. 

Sementini. Gilb. 47, 225. 

Lampadius. Schw. 34, 221. | 

Brunner. rbl. Univ. 22, 36; also Schw. 388, 517. 

Wohler. Pogg. 4, 23 & 474. 

Serullas. Ann. Chim. Phys. 21, 201. 

Mantell. Ann. Phil. 22, 232. 

Pleischl. Zertschw. Phys. v. W. 2, 807 & 348; 3, 326. 

Schadler, Ann. Pharm. 20, 2. 


Kalium, Kalimetall, Kalibasis; improperly; Hydruret of Potash, 
Kalihydrir. 

History. The term Alkali was applied by the Arabians to the carbo- 
nate of soda found in the ashes of marine plants. The same appellation 
was afterwards extended to carbonate of ammonia, and likewise to the 
carbonate of potash found in the ashes of land plants, which was long 
considered as identical with carbonate of soda. It was soon discovered 
that these three alkaline carbonates are rendered much more caustic by 
contact with lime; and hence the Jfild (i. e. carbonated) alkalis were 
distinguished from the Caustic (4. e. pure) alkalis. Black, in 1756, showed 
that this change is due to the abstraction of carbonic acid from the mild 
alkalis by the action of the lime; and the theory afterwards proposed by 
Meyer, in 1764—who supposed that the burnt lime mptene the | 
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mild alkalis a peculiar principle of causticity, the so-called Acidum 
pingue—was quickly refuted and abandoned.—The older chemists dis- 
tinguished ammonia, as the Volatile Alkali, from the two Fixed Alkalis ; 


and of these—after their differences had been pointed out by Duhamel in ~ 


1736, and Marggraf in 1758—potash received the name of Vegetable 
Alkali, soda that of Mineral Alkali, inasmuch as potash was found 
chiefly in plant-ashes, soda in rock-salt. But Klaproth showed that 
potash exists in many widely diffused minerals, and consequently that 
the name of Vegetable Alkali cannot properly be applied to it. Accord- 


ingly, the term Kali was, at his suggestion, adopted in Germany to desig- 


nate this substance. The French, on the other hand, invented the word 
Potasse* to distinguish the pure alkali, deriving the term from the German 
word Pottasche, which probably owes its origin to the use of iron pots in 
burning the materials from which the alkali is obtained.—The alkalis and 
earths were long regarded as simple substances, although Lavoisier had 
suggested that they were metallic oxides, while others had supposed that 
they contained nitrogen, and Tondi and others, by subjecting the earths 
to strong ignition in contact with charcoal, thought that they obtained 
metallic globules,—which, however, appear to have been chiefly formed 
from the iron contained in the ingredients and in the crucible. Sir 
Humphry Davy, in 1807, first succeeded, by means of a powerful voltaic 
battery, in separating the metals from potash, soda, baryta, strontia, and 
lime, and in obtaining traces of metallization from the earths. The ex- 
periments of Davy were confirmed and extended by Gay-Lussac & 
Thénard, (who, for a while, regarded these metals as compounds of the 
alkalis with hydrogen) and by Berzelius. The discovery of these metals 
also led to that of pure potash and soda; for up to that time, these sub- 
stances were known only in the state of hydrates, and these hydrates 
were long regarded as anhydrous alkalis. 


Sources. As sulphate of potash in alum, alum-stone, and polyhalite; 
as nitrate on the surface of the earth; as silicate, united with the earths in 
various minerals, especially in apophyllite, potash-harmotome, chabasite, 
pearlstone, pumicestone, obsidian, felspar, leucite, mica, lepidolite, schorl, 
hatyne, pinite, latrobite, nephelin; in all, or the greater number of the 


clays (Mitscherlich, Lehrd. 2, 19); also in small quantity in limestones of ~ 


the most various formations, in native oxide of manganese, specular iron 
ore, &c. (Kuhlmann, Wohler & Beringer, Ann. Pharm. 41, 124 and 
220); as chloride of potassium, sublimed from volcanos, and sparingly, in 
rock-salt; as sulphate, chloride, bromide, or iodide of potassium, in small 
quantities, in sea water, in the water of the Dead Sea, and in several 
salt-springs and other mineral waters (vid. Braylay and Cuff, Phil. Mag. 
Ann. 5, 411, 7, 9): in organic bodies, as carbonate, phosphate, sulphate, 
hydrochlorate, nitrate, and in union with organic acids. 


Preparation.—1. Slightly moistened hydrate of potash is placed upon 
a platinum capsule attached to the negative pole of a voltaic battery con- 
taining from 100 to 200 pairs of plates, and touched by a platinum wire 
proceeding from the positive pole. The hydrate liquefies, and the globules 
of potassium, as they appear on the plate, are taken away and put into 
rock-oil before they can take fire. (H. Davy, I., 458.) 


ss In English, the terms Potash and Potassa are used almost indiscriminately; the 
latter is more uniform in termination with soda, lithia, baryta, &c.; but the former has 
the advantage in point of brevity and facility of pronunciation.—[W. ] 
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2. A gun-barrel cleaned inside is bent upwards at the thick end at a 
very obtuse angle, and downward at the other end, for about four inches, 
the middle part being laid horizontally in the furnace, The middle part 
is covered with a luting composed of 1 part of clay, 5 parts of sand sifted 
through a hair sieve, and a small quantity of horse-dung; this luting is 
slowly dried and the cracks filled up with fresh material. The middle 
part of the gun-barrel is filled with 400 grammes or more of iron turn- 
ings, harpsichord wire, and iron filings (filings alone stop up the tube too 
much), and 120 grammes of pure hydrate of potash are put into the upper 
end. The lower end is connected airtight with a copper receiver, having 
a tube adapted to its opposite side to carry away uncondensed gases. The 
fire is raised by the bellows to a dull white heat, after which the upper 
end of the gun-barrel, which has meanwhile been kept cool by means of 
wet cloths, is allowed to get gradually warm. The hydrate then fuses, 
and is decomposed by the iron, and the hydrogen gas and potassium 
vapour thereby produced escape by the lower end of the gun-barrel. 
(Sch. 80.) The process generally yields about 80 grains of potassium, 
(Gay-Lussac & Thénard.) Berzelins heats the gun-barrel to redness, 
and passes hydrogen gas dried by chloride of calcium through it, in order 
to free it from oxide of iron before using it. The process often fails in 
consequence of the coating of clay breaking and falling off. For this 
reason, Mantell encloses the gun-barrel in a tube of baked clay, of such a 
width that the expansion of the gun-barrel by the heat may not burst it. 
The hydrate of potash may also, while the tube is in a state of ignition, 
be introduced by the upper opening, and the aperture immediately closed 
again; and a short glass tube-funnel (the neck of a broken retort) may be 
adapted to the lower end of the gun-barrel and made to dip a little below 
the surface of rock-oil contained in a glass receiver: with this arrange- 
ment, the progress of the operation may be watched by the escape of gas- 
bubbles, and the appearance of the drops of potassium. (Gm) ‘The 
method recommended by Tennant—which consists in heating to whiteness 
a mixture of hydrate of potash and iron filings in a short gun-barrel 
closed at the bottom, and having a narrow tube fitted to its upper end— 
appears less advantageous than the preceding. 

8. a. A mixture of equal parts of carbonate of potash and charcoal 
moistened with a small quantity of oil—or burnt tartar only—is heated 
to whiteness in a short, coated gun-barrel, and the potassium, which rises 
in vapour, is received upon thick cold rods of iron, held about the twelfth 
of an inch above the mixture, and constantly changed: from these the 
drops of potassium are afterwards scraped with a knife under rock-oil. 
(Curaudau, Sch. 82.) The mass must not be pressed into the gun-barrel, 
or it will be thrown out by the gas which is produced. This process 
yields but a small quantity of potassium mixed with much carbonaceous 
matter. 

b. According to the method of Brunner, improved by Wohler, 6 
pounds of crude tartar, previously ignited in a covered crucible and 
mixed with charcoal powder, are put into a wrought-iron quicksilver-bot- 
tle, to the mouth of which is screwed an iron tube not more than 5 inches 
long. The bottle is then placed in a powerful wind-furnace having a. 
wide grate and a chimney 10 feet high, and made to rest on a stone at 
the back, while the tube passes through the wall of the furnace in front. 
The heat is raised till a gas, which takes fire spontaneously, and a green- 
ish vapour, make their appearance; and the end of the tube is then con- 
nected with a receiver of iron or copper containing rock-oil, surrounded 
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with cold water which is frequently changed, and having a vent for the 
carbonic oxide evolved during the process. ; | | 
In Liebig’s laboratory, the furnace is so constructed that the bottle 
may be heated by flame instead of by direct. contact with charcoal or coke. 
The mercury-bottle generally contains some globules of mercury, which 
must be expelled by previously heating the bottle and blowing out the 
vapour of mercury with a pair of. bellows. Instead of a mercury-bottle, 
Kukla recommends one made for the purpose, of thick iron-plate. (Zett- 
schr. Phys. v. W. 5, 466.)—As these iron bottles gradually burn away 
and become perforated, and consequently do not last for more than one or 


- two operations, it has been recommended to cover them with luting; but 


as the luting easily falls off and does not appear to afford much protec- 
tion, Schidler and Werner (J. pr. Chem. 14, 267) surround the bottle 
with a wire-net: on this, the former applies a luting composed of 2 parts of 


‘pounded Hessian crucibles, 1 part of pipe-clay, and some cow-hair; the 


latter two or three coatings of a thin paste made of coarse quartz-sand 
and a little clay. Anthon (Repert. 58, 318) covers the bottle without 
any wire-net with a mixture of loam and sand; Gale (Sill. Amer. J. 19, 
205; 21, 60) with a luting composed of equal parts of sand, clay, and 
soap-stone. 

_ Werner mixés 20 oz. of charred tartar with 20 oz. of fine, and 3 oz, of 
coarse charcoal-powder (about the size of peas), and enough water just to 
moisten the mass. Instead of burnt tartar, a mixture of carbonate of . 
potash and charcoal may be used; for example, 3lb. of pearl-ash dissolved 
in water, put into an iron vessel with 111b. of fine charcoal powder and 
stirred up with an iron spatula,—then 114]b. of coarse charcoal added, and 
the whole dried completely. An excess of charcoal prevents—as Schadler ~ 
has pointed out—the rapid choking of the tube connected with the mercury 
bottle with carbonaceous matter, as well as the fusion and projection of 
the contents of the bottle. Kukla evaporates to dryness a mixture of 
3 parts of pearl-ash dissolved in water with 1 part of flour; carbonizes the 
residue; mixes it when cold with sufficient water to moisten it slightly; 
and puts it into the flask. The addition of iron filings is of no use, eyen ~ 
when hydrate of potash is employed, because, at the temperature of the 
wind-furnace, the iron does not assist in the decomposition. (Brunner.) 

The shorter and wider the iron tube which connects the bottle with 
the receiver, the less easily is it choked up. It must be either screwed or 
ground into the bottle: if the connexion is not perfect, the joint must be 


surrounded with clay. The bottle nearly touches the front wall of the ~ 


furnace through which the tube passes. This wall is made either of thin 
tiles, a piece of a large black-lead crucible, or a plate of iron. The open- 
ing through which the tube passes is closed round with clay. Just out- 
side the furnace, the tube has a square piece of iron with a hole in the 
centre, soldered on to it, so that it can be unscrewed from the bottle by 
means of a key. The neck of the receiver approaches very near this 
piece of iron, and receives about an inch of the tube, which is made to fit 
closely into it, and reaches just into the receiver itself. 

The best form of receiver consists of two copper vessels, the lower of 
which is open at top and filled from one-third to one-half with rock-oil, 
while the upper, which is open below, passes loosely into the lower, 
and reaches to the bottom of it, so that the rock-oil forms the joint 
between them. The upper vessel has three openings on three of its — 
sides towards the top. Through one of these holes the iron tube passes, 
and the one opposite to it is made a little smaller, and may be closed with 
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-acork. Through this, when the iron tube begins to be choked with 
carbonaceous matter, a hollow borer with a long wooden cross handle is 


passed and stirred about in the tube till a free passage is made. This 
must be done as often as a diminished escape of gas appears to indicate 
that a stoppage is forming. Ifa complete stoppage is actually formed, it 
becomes difficult, or even impossible to restore a passage; but even if the 


attempt is successful, masses of burning potassium may be forcibl 


thrown out by the sudden expansion of the compressed gas in the bottle, 
and occasion injury. To prevent accidents, the hands should be protected 
with gloves, and the operator should stand out of the way, so as not to be 
struck by the projected matter. The potassium adhering to the borer 
must be quickly scraped off into roek-oil kept in a small mortar, and 
covered over with a plate, if it takes fire. 

Through the third opening of the upper part of the receiver the car- 
bonie oxide escapes. ‘This gas is accompanied by vapour of rock-oil, and 
likewise by a grey cloud of croconaceous matter, by which it is rendered 
very inflammable; and as it is still hot when it issues from the opening in 
the receiver, it takes fire, and burns slowly with a dull red light, often, 
however, bursting out into a strong bright flame. To prevent this combus- 
tion, and at the same time preserve the croconaceous matter, the gas is con- 
ducted from the third opening through a tin tube 3 feet long, into an iron 
bottle, where a great deal of -croconaceous matter is deposited. After 
this the carbonic oxide escaping from the open bottle no longer takes 
fire, because it is much cooler and contains less croconaceous matter. . It 
still, however, retains a peculiar smell, and excites coughing. Glass 
tubes and bottles must not be used, because the croconaceous matter de- 
posited in them, after it has attracted a little moisture from the air, 
explodes violently—sometimes spontaneously, and sometimes while the 
vessels are being washed out with water, and breaks them to pieces. 

The lower division of the receiver is immersed in an iron pan filled 
with cold water or ice: the ice or water is frequently renewed, but with 
great care, so that no water may get between the two parts of the re- 
ceiver. : } 

The rock-oil must be rectified and free from water: that which distils 
over during the latter part of the rectification is to be preferred, because 
it is less volatile. | 

With a low fire, the decomposition of the potash does not proceed 
satisfactorily; and if the fire be stronger than required, the mercury 
bottle is rapidly burned away. The supply of coals should be well kept 
up, otherwise the fire will get too low, and the subsequent addition of 
cold fuel will cool the bottle down and interrupt the operation. It 


‘takes from three to four hours to decompose the whole contents of the 


bottle. Frequently, however, the process is interrupted before this, either 
by a hole being burned in the mercury-bottle, or by the impossibility 
of removing the stoppage in the conducting-tube. In the latter case, the 
moveable grate is either lowered from beneath the mercury-bottle, or the 
bars are withdrawn, so that the evolution of gas may not go on and burst 
the bottle. Generally, however, the gas escapes through the worm by 
which the tube is screwed into the bottle. 

As soon as the mixture is exhausted, or any accident occurs, the iron 
pan containing the water is taken from under the receiver, the two parts 
of which are then bound together with a cloth, and the upper one sepa- 
rated from the iron tube; a few light blows of a hammer are often neces- 


sary to accomplish this. The opening in the receiver is closed with a 
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stopper, and the whole left for a while to cool. The upper part.of the 


receiver is then taken out from the under, and the matter adhering to 


both of them immediately moistened with rock-oil, that it may not inflame 
in the air; it is then scraped off and immersed in rock-oil. The rock-oil 
frequently takes fire during this operation: if so, it must be extinguished 
by covering the receiver with a piece of board or a cloth. By this mode of 
proceeding, all danger of explosion is avoided. If, on the contrary, the 
operator leaves the receiver loosely stopped for a considerable time—say 
over-night—the most dangerous explosions often occur on taking it asuu- 
der, masses of burning potassium being thrown about with great violence. 
This is not occasioned by the formation of an explosive gas (from ad- 


mixture of atmospheric air with the hydrogen evolved in the decomposi- 


tion of the moisture in the air by the potassium, or with vapour of rock- 
oil): an explosive mixture of this kind would not act so violently or 


scatter such quantities of matter about : moreover, the explosion frequently - 


does not take place till after the receiver has been opened for some time 
and all the explosive gas must have escaped. The substance itself must, 
therefore, have become explosive from the slow entrance of moist air; and 
the increased rush of air which follows the opening of the vessel either 
causes inflammation and explosion at once; or that accident occurs during 
the scraping off of the contents of the receiver, especially if the mass has 
not been carefully saturated with rock-oil. | 

[For an account of these dangers, see especially Pleischl, Zeitschr. 
Phys. v. W. 3, 826.) | 

7 Wohler mentions an instance in which the croconaceous matter, 
after being kept in a sealed tube for ten days, and then turned out into a 
dry porcelain basin, immediately began to assume a purple-red tint, and 


in a few seconds exploded with a tremendous report, and broke the vessel _ 


to pieces. (Ann. Pharm. 49, 361.) T 

The contents of the receiver consist of globules of potassium and a 
carbonaceous mass, which is a mixture of potassium and croconaceous 
matter, The globules of potassium must be picked out with a pair of 
forceps, washed with rock-oil from the black powder adhering to them, 
and preserved in a stoppered bottle under rock-oil. The black residue 
yields more potassium by distillation (vid. seg.); or, if it contains but 
little of the metal, rhodizonate or croconate of potash may be separated 
from it by digesting it in water. (Vid. Rhodizonic and Croconic Acids.) 

From the iron tube also, which should be unscrewed as soon as possible 
from the bottle, after it has been taken out of the fire, more impure 
potassium may be scraped after it has been cooled, and the contents 
soaked in rock-oil. Pleischl obtained from 36 oz. of carbonized tartar 
(produced from 6]b. of tartar) mixed with 6 oz. of charcoal, 91 oz. of 
potassium, or 9°2 percent. From 96 lbs. to 120 lbs. of coals were burned 
during the operation. 100 parts of tartar contain 21 parts of potassium, 
so that about one-half is obtained. Much more than this can hardly be 
expected, considering the many sources of loss from perforation, the for- 
mation of croconaceous matter, &c., &c. In most cases the product is 
much less. 

Purification. The potassium obtained by the third method is me- 
chanically, or, according to some, chemically combined with carbonaceous 
matter. The croconaceous matter united with the potassium imparts a 


reddish-yellow colour to the solution when the potassium is put into water. 


_ Purification by Filtration. The impure potassium is tied up in a 
linen bag heated to 60° or 65° (140° or 149° F.), and pressed out with a 
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pair of wooden tongs. (The black residue still contains potassium, which 
may be recovered by distillation.) The potassium thus pressed out, is as 
free from carbon as that which is purified by distillation, but the loss by 
oxidation is greater. (Pleischl.) 3 | 

Purvfication by distillation.—By this method not only may the purer 
portion of the potassium be obtained quite free from carbon, but likewise 
the carbonaceous mass may be made to yield a considerable quantity of 
the metal. Iron vessels are better adapted for the distillation than glass 
vessels. Into the wide neck of a wrought or cast-iron bottle, a short, 
bent, pistol-barrel is inserted: the bottle is, filled with the potassium or 
carbonaceous matter, and very slowly raised to a strong red heat in a 
small air-furnace, the tube having been previously adjusted in an inclined 
position. The rock-oil adhering to the potassium passes over first into 
the glass vessel prepared to receive it, and then the potassium follows, 
Part of the metal condenses in the tube, so that towards the end of the 
distillation the greater part of the tube must likewise be surrounded 
with fire. To prevent the rock-oil from taking fire in the receiver, the 
short neck of a broken retort should be adapted by means of asbestos to 
the end of the pistol-barrel, and passed into the receiver, which it should 
closely fit, so as to dip just below the surface of the rock-oil. Hyen when 
the black mass has been subjected to distillation in this manner, it may 
still give rise to dangerous explosions on being exposed to the air and 
scraped, after cooling. 

The potassium is preserved under rock-oil in very close vessels capa- 
ble of holding but a small quantity of air, or in hermetically sealed glass 
tubes. : 


Properties. Silver- white, with a strong lustre; specific gravity 
= 0°86507. (Gay-Lussac & Thénard.) Crystallizes by sublimation in 
cubes; its cut surface also shows cubical markings (Pleischl, Zettschr, 
Phys. v. W. 8, 1): when broken, it exhibits small, shining, crystallized 
faces. (Sir H. Davy).—At 0° it is brittle; at 19° (66:2° Fah.) soft as wax ; 
begins to melt at 25° (136°4° Fah.).—Sublimes in green vapours, at a 
temperature below redness. It isa very good conductor of heat and a 
perfect conductor of electricity, (H. Davy.) 


Atomic weight of potassium ; 39'144. (Pelouze, Compt. rend, 20, 147); 
39 (Maumené. WV. Ann. Chim. Phys. 18, 41.) 


Compounds of Potassium. 
PoTASSIUM AND OXYGEN. 


A. SvuspoxipDE oF Potassium. 


This compound is formed: 1. When potassium in thin lamina is left 
in contact with a small quantity of air in a close vessel.—2. When prot- 
oxide or peroxide of potassium is heated with potassium.—Forms a 
bluish-grey brittle mass without metallic lustre, exceeding potassium in 
specific gravity. Very fusible. Takes fire in the air often at 20° or 25° 
(68°—77° Fah.), and becomes peroxidized; decomposes water, without 
however taking fire. (H. Davy, Gay-Lussac & Thénard.) Probably, a 
mere mixture of potassium and potash. 
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B. Porasw. KO. 


_ Potassa, Protoxide of Potassium, Vegetable Alkali, Phanzenlaugensalz, - 
Fined Vegetable Alkali, Kali, Potasse, Oxyde de Potassium. 


Formation. Potassium in contact with moist air or oxygen gas at 
ordinary temperatures, gradually decomposes a portion of the water, and 
is converted into hydrate of potash. In cold dry air it remains un- 
changed. (Bonsdorff.) The metal decomposes water with great evolution 
of heat, which, when oxygen gas is present, sets fire to the hydrogen 
evolved, and likewise to the potassium itself. If potassium be‘introduced 
into a vessel filled with water and standing over mercury, a solution of 
potash is obtained, heat being generated and hydrogen gas rapidly evolved. 
Potassium thrown on water burns with a white, red, and violet flame: 
the little glowing ball of peroxide which remains finally dissolves in the 
water, with explosion. The same combustion occurs upon ice. If the 
burning globules of potassium, as they swim about on the water, are 
struck with a spatula, an explosion follows. (Couerbe.)—If a small piece 
of potassium be thrown upon a surface moistened with water in such a 
manner that it may rebound from thence to a dry place, it will continue 
to burn. The potassium, therefore, at first evolves hydrogen gas, which, 
together with the potassium, is set on fire by the heat produced: the 
further production of flame is due principally to the combustion of the 
potassium. Dilute acids behave in the same manner as pure water, but 
their affinity for potash induces a more rapid oxidation of the potassium. 
[ For the motions of potassium on-mercury, vd. Vol. I. p. 337.|—2. Potas- 
sium—either at ordinary temperatures or at a heat not above red- 
ness—— decomposes carbonic oxide, carbonic acid (Scheme 21), boracic, 
phosphoric, sulphurous, and sulphuric acid—nitrous and nitric oxide gas 
—nitrous and nitric acid, (if the nitric acid be concentrated, a very dan- 
gerous explosion ensues Kuhlmann), arsenious, arsenic, molybdie, 
tungstic, and chromic acids; also the oxides of titanium, chromium, ura- 
nium, manganese, cobalt, tellurium,: bismuth, and zinc; the three oxides 
of antimony, the two oxides of tin, the three oxides of lead, the two 
oxides of iron, the two oxides of copper, and the two oxides of mercury ; 
also the oxides of nickel, silver, and platinum. In most cases, a complete 
reduction of the heavy metal takes place. Oxide of lead contained in a 
glass tube is likewise reduced by heated potassium.—Lastly, potassiam 
decomposes, with the aid of heat, all carbonates, phosphates, sulphites, 
sulphates, nitrates, arsenites, and arseniates (but not the borates): in this 
action, it withdraws the oxygen, not only from the acid, but also from 
the base, when the latter is the oxide of a heavy metal.—Most of the 
above decompositions are attended with development of light and heat ; 
and the product is generally potash, partly pure, and partly mixed with 
a portion of the original undecomposed oxide. (H. Davy, Gay-Lussac 
& Thénard.) : 


Preparation. 39 parts (one atom) of potassium are added to 9 parts 
(one atom) of water, in a vessel from which air is excluded; or 89 parts 
(one atom) of potassium are heated with 56 parts (one atom) of hydrate 
of potash.—2. By exposing peroxide of potassium to a strong heat. 
(H. Davy.) ; | 


| ad 
| ‘POTASH. 1l 


Properties. Grey, solid substance, without metallic lustre, brittle, and 
having a conchoidal fracture; harder and apparently also heavier than 
the hydrate of potash. It melts a little above a red heat, but volatilizes 
only at a very high temperature. (H. Davy.) Specific gravity about 
= 2°656 (Karsten). Inodorous; highly caustic to the taste, and, when 
combined with water, the most destructive of all alkalis in its action on 
organic substances. In solution, it restores the blue colour of tincture of 
litmus reddened by acids, and turns an infusion of logwood red, an 
infusion of violets or red cabbage, green, and an infusion of turmeric, 
reddish-brown. The limits of these reactions on paper coloured with the 
different infusions are found at the following degrees of dilution. Red 
cabbage: one part of anhydrous potash dissolved in 9000 parts of water: 
Logwood; one pt. in 24,000 pts. of water: Turmeric; one pt. in 36,000 
pts. of water; and red litmus paper; one pt. in 75,000 pts. of water. 
(Harting, Journ. pr. Chem. 22, 49.)—A solution of potash, not too 
dilute, gives: a precipitate with the following substances. Perchloric 
Acid: a crystalline precipitate of perchlorate of potash. MHydrofluosilicic 
Acid in excess: a transparent, gelatinous precipitate of double fluoride of 
silicium and potassium: this precipitate is not very distinct, but becomes 
cloudy and more visible on the addition of ammonia. Concentrated 
solution of Sulphate of Alumina in excess produces, after the addition of 
an acid, a crystalline precipitate of octohedral alum. Solution of Sv- 
chloride of Platinum: pale yellow, and finely divided, or—when it comes 
out more slowly—orange-coloured, crystalline precipitate of double chloride 
of platinum and potassium.—Concentrated solution of Zartarie Acid in 
excess: crystalline precipitate of bi-tartrate of potash.—Carbazotice Acid: 
yellow needles of carbazotate of potash. If the solution of potash is 
much diluted, the precipitates appear only after a considerable time—and 
not at all, when the dilution is carried to a still greater extent. 

Gay- Lussac & 


Calculation. Berzelius. Sir H. Davy. Thénard. 
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(KO = 489°92 + 100 = 589°92. Berzelius.) 


Decomposition.—1. By electricity.x—2. By iron or zine at a white 
heat.—3. By charcoal at a white heat.—4. At a red heat, by chlorine, 
into chloride of potassium and oxygen (Sch. 8):—by sulphur, into sul- 
phide of potassium and sulphate of potash:—by phosphorus, into phos- 
phide of potassium and phosphate of potash. 

Combinations. a. With water. 


a. HypRATE OF PotasH. Caustic, Lapis causticus. 

Formed by exposing potassium to moist air.—One atom of anhydrous 
potash mixed with one atom of water, evolves sufficient heat to fuse the 
hydrate which is produced, and raise it to redness. (Berzelius.) 


Preparation. 1. From carbonate of potash. In an iron vessel 
provided with a closely fitting cover, one part of carbonate of potash is 
heated with 12 parts of water till it boils; and slaked lime—made by 
mixing 2 pts. of burned lime with 3 parts of warm water, and keeping 
it in a covered pan till the lime is reduced to a soft powder—is then 
added by degrees. After each addition of slaked lime, the mixture is 


_ boiled for a few minutes, in order that the carbonate of lime may-become, 
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dense, and fall down readily to the bottom. When all the lime has been 
added, the whole is boiled for a quarter of an hour, with the cover on, and 
left for the lime, &c. to settle down. The caustic so)ution—which should 
no longer effervesce, when poured into hydrochloric acid, or give any, or 
very little cloudiness with lime water, (if otherwise, longer boiling, and 
perhaps, also, an addition of milk of lime is requisite) is then drawn off 
into stoppered bottles, by a syphon first filled with water. The residue 
is once or twice boiled for half an hour with a small quantity of water, 
and the remaining portion of potash separated by subsidence and decan- 
tation. The rest of the lime is deposited in the stoppered bottles. The 
decanted solution is first rapidly concentrated in covered iron pots; and 
if it becomes turbid, set aside in stoppered vessels, and then decanted ; 
and lastly, rapidly boiled down in a silver basin, till the oily hydrate 
which remains begins to evaporate as a whole in white clouds. (Vid. 
Mohr, Ann. Pharm. 28, 338.) 

If the lime which is put into the solution of carbonate of potash is not 
slaked but merely pounded, it does not diffuse itself properly through the 
liquid, and: the greater part is rendered useless, so that a much larger 
quantity is required to withdraw the carbonic acid, and the separation of 
the alkali from the calcareous precipitate is thereby rendered much more 
difficult. To ensure the complete separation of the carbonic acid from the 
potash, it is necessary to use a considerable quantity of water. When 
only 4 parts of water are used to 1 part of carbonate of potash, no decom- 
position takes place; and a concentrated solution of caustic potash with- 
draws the acid from carbonate of lime. (Liebig, I., 124.) When one part 
of carbonate of potash dissolved in 4 parts of water is boiled with hydrate 
of lime, it gives up only ? of its carbonic acid; with 5 parts of water, 29; 
and with 8 parts, almost the whole. (Watson, Phil. Mag. J. 3, 314.) 
Even with 10 parts of water to 1 part of carbonate of potash, the carbonic 
acid is not entirely separated; but with 50 parts of water the separation 
is complete. (Mitscherlich, Lehrb. 2,15.) The lime may also be mixed 
with the solution of carbonate of potash at ordinary temperatures, and the 
liquid set aside in stoppered vessels; but then the decomposition proceeds 
more slowly, and frequent shaking is required; moreover, the carbonate of 
lime is less dense than when the liquid is boiled, and consequently the 
decantation is more difficult. It is to be observed also that carbonate of 
potash almost always contains silica, which is not precipitated at ordinary 
temperatures, but completely by sufficient boiling; for it then forms an 
insoluble compound with the excess of lime and the potash. Any alumina 
which may perchance be present is separated in the same way. (Vid. 
Bucholz, Taschenb. 1812, 156; Dobereiner, Schw. 10,113.) It is better to 
decant the solution than to filter it through a cone of bleached linen; 
because the alkali extracts certain matters from the linen which colour 
the liquid yellow, and also because in filtering, it is less easy to guard 
against access of air. Asthe alkaline solution absorbs carbonic acid from 
the atmosphere very greedily, the air must be kept from it as much as 
possible. A portion of carbonic acid is always reabsorbed during evapora- 
tion, unless this process is performed in a silver vessel fitted with a head. 
When the caustic solution is evaporated down to an oily consistence, the 
greater part of the carbonate separates in solid particles, which swim on 
the surface, and can then be taken off by means of a spatula, If crude 
potash or pearlash is used instead of pure carbonate of potash, the hydrate 
of potash produced contains the chloride of potassium and sulphate of 
potash present in the original substance. Hence, to obtain hydrate of 
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potash in a pure state, it is necessary to make use of pure carbonate of 
potash. According to Berthollet’s plan, however, tolerably pure hydrate 
of potash—the Potasse a ?alcool—may be obtained from impure carbonate. 
(Crell. Ann. 1786, 2,211.) The caustic solution, obtained as above, is 
evaporated to the thickness of syrup, shaken in close vessels with } of its 
volume of alcohol, and the mixture left to settle. Two strata are formed: 
the lower stratum is an aqueous solution of chloride of potassium, carbo- 
nate and sulphate of potash, together with a portion of caustic potash, 
and rests on a precipitate which may contain lime, oxide of iron, and sul- 
phate of potash; the upper stratum is a solution of caustic potash with 
some chloride of potassium in alcohol. This is poured off, and freed from 
the greater part of the spirit, by distillation in a silver vessel furnished 
with a still-head, and boiled down in a silver basin till the hydrate begins 
to sublime. The resinous matter produced by the decomposition of the 
alcohol, and found swimming on the surface, is then removed and the 
hydrate poured out on plates. It is free from sulphate of potash, but con- 
tains chloride of potassium, and traces of carbonate and acetate of potash. 


2. From sulphate of potash.—Powdered crystals of sulphate of 
potash are dissolved in a concentrated solution of baryta till a small 
portion of the liquid taken for trial gives a precipitate with chloride 
of barium, to which hydrochloric acid has been added in large excess 
—a proof that some sulphate of potash still remains undecomposed. 
Baryta-water is then carefully added in sufficient quantity just 
to decompose the sulphate, or still better, slightly in excess. ‘The 
decanted solution is then evaporated, during which process the small 
excess of baryta is precipitated by the carbonic acid in the air. (Schubert, 
J. pr. Chem. 26,117.) This method is more expensive, but yields—pro- 
vided the baryta-water is good—a pure preparation, since sulphate of 
potash is more readily obtained in a state of perfect purity than the 
carbonate. 


Hydrate of potash is preserved in air-tight glass bottles. 


Impurities. Carbonate of lime, originating from imperfect decantation; 
Oxide of Iron, when the caustic solution is evaporated in an iron vessel to 
such an extent, that it begins to act upon the iron. These, together with 
other insoluble substances accidentally present, remain behind when the 
potash is dissolved in water. Peroxide of Potassium: Formed in small 
quantity, towards the end of the evaporation when conducted in the 
air. It is owing to the presence of this substance, that the hydrate of 
potash, when dissolved in water, gives off oxygen gas. The lapis caus- 
ticus of the surgeon, which is prepared by evaporation in iron vessels, 
evolves a considerable quantity of oxygen, the amount of which appears 
to be in direct ratio with that of the oxide of iron, which is separated 
when the potash is dissolved in water. (Graham, Hdinb. J. of Sc. 7, 187; 
J. Davy, V. Edinb. Phil. J. 6, 1382.) | This connexion with the oxide of 
iron suggests the supposition that ferrate of iron is formed.| Carbonate of 
Potash: The solution effervesces with acids.—Swlphate of Potash: Chlo- 
ride of barium, with excess of dilute hydrochloric acid, gives a precipitate. 
Chloride of Potassium: A precipitate produced even when the liquid is 
very dilute, with a solution of silver, nitric acid being added in excess.— 
Nitrate of Potash: Gives the reactions of the nitrates. (II., 401.)—Certain 
omides of the heavy metals: The solution, supersaturated with acetic acid, 
gives a precipitate with sulphuretted hydrogen or sulphide of ammonium, 
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a. Hydrate of potash is a white, hard, brittle substance, having a specific 
gravity of 2°] (Dalton), and often a fibrous texture. It melts below red- 
ness, forming an oily liquid, clear as water, which volatilizes at a full red 
heat in white pungent vapours. Hydrate of potash heated on platinum- 
wire, colours the blowpipe flame violet. (/uchs.) i 


Calculation. H. Davy. Gay-Lussac & Thénard. Berthollet. Darcet. 
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The amount of water present in hydrate of potash is best found from 
the loss of weight which it sustains when heated to redness with a known 
quantity of vitrefied boracic or silicic acid. By ignition in contact with 
charcoal it is converted—according to Bussy (J. Pharm. 8, 266) with 
evolution of carburetted hydrogen (?)—into carbonate of potash. » 


_ B. Crystantizep Potasu. Caustic Salt.— Crystallizes on cooling 
from 4 concentrated solution of caustic potash. (Léwitz, Crell, Ann. 1796, 
1, 806.) Transparent, colourless, very acute rhombohedrons with trun- 
cated terminal edges. When placed in vacuo over oil of vitriol, it 
effloresces to an opaque mass, consisting of 78°6 parts of potash and 21-4 
parts of water. (Ph, Walter, Pogg. 39, 192.) 


Calculation. Walter. 
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y. AqueEous Sotution or PotasH. Caustic-solution, Soapboilers’-ley, 
Seifensieder-lauge, and at a certain degree of concentration, J/evtster- 
lauge.—Potash, hydrate of potash, and crystallized potash. deliquesce 
rapidly in the air; the first two dissolve in water with considerable 
rise of temperature; the crystals produce great cold. Hydrate of potash 
requires but half its weight of cold water to dissolve it. (Léwitz.)— 
Preparation. (III., 11—13.) The solution is kept in bottles with glass or 
cork stoppers. In either case, none of the solution should touch the stop- 
pers; for those of glass become in a short time so strongly cemented in, 
that they cannot again be withdrawn; and corks corrode and impart a 
brown colour to the liquid. When bottles made of white glass are used 
to contain the solution, they frequently crack in all directions. After 
being long kept, the liquid often deposits brownish-white flakes. These 
were found by the author to consist of silica, with small quantities of - 
alumina, lime, potash, oxide of iron, and a trace of oxide of copper 
es), and are probably produced by the action of the potash on the 
glass, 

Colourless liquid, having, when highly concentrated, an oily consist- 
ence and considerable density.. A solution made with equal parts of 
hydrate of potash and water does not freeze at —54° (—65° F.). (Guyton- 
Morveau.) One measure of solution of potash of 22° Bm. mixed with 
one measure of water undergoes a condensation amounting to 0°045 of the 
volume of the water: and all the air present in the water is expelled. 
(Payen, Ann. Chim. Phys. 50,805.) 
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Quantity of Anhydrous Potash contained in Solutions of Potash of 
various densitres. 


(Dalton, System. 2, 293.) (Tiinnermann, WN. Tr. 18, 2, 5);. at 15°. 
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6. With acids potash forms the Porasn-Saurs. Of all bases, it pos- 
seéses the strongest affinity for the greater number of acids, and next to 
ammonia neutralizes them most completely, so that in salts formed with 
the weaker acids, the alkaline reaction of the base predominates. The 
potash-salts are colourless when the acid itself is so. They are fixed in 
the fire, unless the acid in combination with the potash has very little 
affinity for it or is readily decomposed. Salts of potash impart a violet 
colour to the blowpipe flame on platinum wire, (Fuchs.) Alcohol heated 
with a salt of potash in powder and then set on fire burns with a blue or 
violet flame. (H. Rose.) The salts give a blue colour to a bead of borax 
in which pure oxide of nickel is dissolved. (Harkort, Pogy. 9,182.) They 
yield no precipitate when melted with carbonate of soda on platinum foil. 
(Berzelius.) All potash-salts are soluble in water, and for the most part 
readily so. The solution of aj salt of potash, when very dilute, gives 
a precipitate with other liquids only when the acid combined with the 
potash forms an insoluble compound with the substance added or with a 
portion of it—or when the acid is itself set free, and is insoluble in that 
state. A concentrated solution, on, the contrary, exhibits the same 
reactions as a solution of potash (p. 11), namely, with perchloric acid, 
tartaric acid, carbazotic acid, sulphate of alumina, hydrofluosilicic acid, 
and chloride of platinum, the reagents being used in the concentrated 
state. In the case of tartaric acid, an excess of: sulphuric, hydrochloric, 
or nitric acid interferes with the appearance of the precipitate. Those 
salts of potash, which would throw down the alumina from alum (for 
instance, the carbonate), must be previously mixed with sulphuric acid. 
If nitrate of potash is dissolved in so much water that 205 parts of water 
contain only 1 part of potash, chloride of platinum will still produce a pre- 
cipitate; with 210 parts of water this effect no longer takes place. Again; 
tartaric acid acts with 220 parts of water to 1 part of potash, but not with 
230 parts. (Harting, J. pr. Chem. 22, 49.) With solution of sulphate of 
potash, the limits of reaction are 1 part of potash in 200 parts of water 
for chloride of platinum, and 400 parts of water for tartaric acid. (Las- 
saigne, J. Chim. Med. 8, 527.) 

~ Potash forms double salts with ammonia, soda, magnesia, the prot- 
oxide and sesqui-oxide of cerium, yttria, alumina, thorina, zirconia, the 
sesqui-oxides of chromium and uranium, the protoxide and sesqui-oxide of 
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manganese, sesqui-oxide of antimony, the oxides of zinc, and cadmium, 
the protoxide and sesqui-oxide of iron, protoxide of cobalt, oxide of 
nickel, the di-oxide and protoxide of copper, protoxide of mercury, oxide 
of silver, teroxide of gold, the protoxide and bi-oxide of platinum, bi-oxide 
of palladium, sesqui-oxide of rhodium and sesqui-oxide of iridium. 

c. Potash combines with the earths, forming vitreous and other com- 
pounds, and also various minerals. a 

d. With many oxides of the heavy metals, not haying an acid cha- 
racter, sometimes in the dry, sometimes in the wet way, namely, with the 
oxides of zinc, tin, lead and gold. 

e. With several organic-bodies not possessed of acid properties; for 
instance, with alcohol. 


C. PrroxipE oF Porasstum. KO?*, 


Discovered by Gay-Lussac & Thénard.—Yormation and Preparation. 
1. Potassium takes fire in air or oxygen-gas at temperatures between 60° 
and 80° (provided the metallic surface is renewed), and burns with a 
dazzling white or red fame, producing peroxide of potassium. Platinum 
or silver-foil, covered with fused chloride of potassium, may be used as a 
support.—2. Peroxide of potassium is likewise formed by the combustion 
of the suboxide, or when anhydrous potash or hydrate of potash (or the 
hydrate mixed with potassium: H. Davy) is heated to redness for a long 
time in dry oxygen-gas.—3. Impure peroxide of potassium may be 
obtained by gently heating potassium in nitrous or nitric oxide gas or 
with nitre or certain metallic oxides; also by the ignition of nitre. (Gay- 
Lussac & Thénard.) 


Properties. Orange-yellow. Fuses somewhat less easily than hydrate 
of potash to a brown transparent oil, and crystallizes in scales on cooling. 


(Gay-Lussac & Thénard.) 


Calculation. Gay -Lussac & Thénard. 
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Decompositions. 1. By a white heat, into potash and oxygen. 
(H. Davy.)—2. By water at ordinary temperatures, with effervescence, 
and production of heat, into oxygen and solution of potash; by carbonic 
acid or hydrochloric acid gas aided by heat, into oxygen and carbonate 
of potash, or oxygen, water, and chloride of potassium.—3. By combus- 
tible bodies.—Heated in hydrogen gas it is converted, without incan- 
descence, into hydrate of potash and water. Ignited with charcoal it 
yields carbonate of potash, the change being accompanied by vivid com- 
bustion. It acts in a similar manner on resin, wood, or albumen. With 
phosphorus it forms phosphate of.potash, the action being attended with the 
most vivid combustion; with sulphur, it forms sulphate of potash and a small 
quantity of sulphide of potassium, the combustion in this case being less 
vivid. Heated in sulphurous acid gas, it inflames and yields sulphate of 
potash and oxygen gas. When it is heated in phosphuretted or sulphu- 
retted hydrogen gas, phosphide, or sulphide of potassium is formed, 
accompanied by flame; heated in nitrous gas, it forms nitrite of potash 
and hyponitric acid vapour. By heating it in ammoniacal gas, hydrate 
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of potash and nitrogen gas are obtained without any evolation of light 
and heat. It oxidizes potassium, arsenic, antimony, tin, zinc, and copper 
with incandescence, aud bismuth, lead, and iron, and even silyer and pla- 
tinum without incandescence. (Gay-Lussac & Thénard.) 


PoTAssIumM AND HYDROGEN. 


Hydride of Potassvum ? 


Potassium heated not quite to redness in pure hydrogen gas absorbs 
about 1 as much of this gas as it would have evolved by contact with 
water, and is converted into a grey powder, without metallic lustre, and 
infusible below a red-heat. At a red heat it is resolved into potas- 
sium and hydrogen gas; and by mercury, especially if hot, it is converted 
into hydrogen gas and an amalgam of potassium. It inflames sponta- 
neously in the air. With water it evolves about § as much hydrogen as 
the potassium contained in it would have set free; it likewise takes fire 
on water. (Gay-Lussac & Thénard.) Sir H. Davy denies the existence 
of this body.—Jacquelain (Ann. Chim. Phys. 74, 208,) confirms its 
existence, and founds upon this absorption of hydrogen by potassium, a 
method of separating hydrogen from marsh gas and olefiant gas. 

When potassium is heated in hydrogen gas, the hydrogen acquires 
the property of inflaming in the air and burning with a brilliant flame 
and formation of alkaline fumes; but as it cools, it deposits the potas- 
sium and loses its power of spontaneous combustion. (H. Davy.)— 
In the preparation of potassium from hydrate of potash and iron-filings, 
a colourless gas is produced which is heavier than hydrogen, takes 
fire in the air at ordinary temperatures, and burns with a pale yellow 
flame, forming water and potash;—if left to itself for a few hours, or 
placed in contact with water, it loses a portion of its potassium, and with 
it, the power of taking fire at ordinary temperatures, even though it still 
retains a portion of the potassium. (Sementini.) This gas, Sementini re- 
gards as potassuretted hydrogen gas; it is however considered by Ber- 
zelius and Brunner as hydrogen gas in which the vapour of potassium is 
simply diffused, so that it is again deposited on cooling. 


PoTAssIuM AND CARBON. 
A. Carbide of Potassium ? 


Charcoal, exposed to a red heat in contact with potassium,—at which 
temperature the potassium if alone must have been volatilized,—effer- 
vesces afterwards with water. (H. Davy.) Perhaps several of those 
carbonaceous substances, which inflame spontaneously in the air (pyro- 
phoric charcoals, as they are called) are carbides of potassium.—The 
black mass also, which passes over in the preparation of potassium by 
Curaudau’s or Brunner’s method, is regarded by Berzelius as a carbide of 
potassium. [Probably, for the most part, belonging to the croconaceous 
matter. | 
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B. CARBONATE OF POTASH. 


e, SIMPLE CARBONATE.—Basic, unsaturated Carbonate of Potash, 
(Berthollet) Mild, aerated Vegetable Alkali, Salts of Tartar, Purrfed 
Potash, Pearlash; Alkali vegetabile fixum, Sal tartari, Cineres clavellate 
depurati. 


Preparation.—1. Orude Potash. From the ashes of inland-plants, 
consisting chiefly of carbonate, sulphate, and silicate of potash, chloride 
of potassium, carbonate and phosphate of lime, magnesia, alumina, silica 
and the oxides of iron of manganese. The ashes fare soaked in tubs 
of water, which chiefly dissolves the four first mentioned substances 
(amounting to between 5 and 32 per cent. of the ash), The alkaline 
solution is then boiled down in iron pans to such a degree of concen- 
tration that it solidifies to a brown mass on cooling. The brown colour 
proceeds from organic matter extracted from the woody fibre still present 
in the ash, from the wood of the tubs, and from the straw which is put 
round the cocks used in drawing the ley from the tubs. The crude 
potash thus obtained is heated to redness on the level hearth of a rever- 
beratory furnace, over which the flame plays, and constantly stirred about 
with an iron rod till all the water is drawn off, and the organic matter 
consumed: Burnt or calcined Potash, Cineres clavellatt. This sub- 
stance contains, besides carbonate of potash, several impurities, some of 
which are insoluble in water: viz., ashes, charcoal, small stones from the 
furnace, &c.; and some soluble in water: viz., a large quantity of chloride 
of potassium, sulphate and silicate of potash, traces of manganate of 
potash (which imparts a blue colour to the mass) and phosphate of 
potash (Kobell, Kastn. Arch. 8, 322), carbonate of soda (Berthier), and 
oxide of copper. (Sarzeau, J. Pharm. 18, 656.) A particular specimen 
of crude potash, from Kasan, obtained from wood-ashes, contained in 
100 pts. (1) insoluble in water: Lime 0°054, alumina 0°012, oxide of 
manganese 0013, silica 0°122; (2) soluble in water: Potassa 47°455, 
combined with carbonic acid 25°890, and silica 0°344; sulphate of potash 
17°062; phosphate of potash 0°443; chloride of potassium, 3°:965; and car- 
bonate of soda 4°630. In this specimen of potash, 9 atoms of carboniec- 
acid were combined with 8 atoms of potassa. (R. Hermann, J. Pr. Chem. 


22, 442.)—Preuss (Ann. Pharm. 34, 2389) thought that he had discovered 


iodine in a sample of potash. 

2. Purified Potash, Pearlash, Cineres clavellati depuratt. Crude potash is 
dissolved in 2 parts of boiling water, and the solution after being filtered 
through white blotting-paper or bleached linen, is evaporated in an iron pot 
to the proper degree of concentration: it is then left at rest for a day till all 
the sulphate of potash has crystallized out, and poured off from the crystals. 
If it renders solution of chloride of barium turbid after being supersa- 
turated with hydrochloric acid, a second evaporation and cooling is neces- 
sary to get rid of the remaining sulphate of potash. The clear solution 
is boiled down (to the density of about 1°43) till it is covered with a 
crystalline film, which can no longer be removed by stirring the boiling 
liquid, and then cooled, stirring all the while, whereupon most of the, 
carbonate of potash crystallizes out. The mother-liquid is drained off by 
filtration, and is found to contain a large quantity of carbonate of 
potash, together with' certain impurities, chiefly consisting of chloride of 
potassium and silicate of potash. The crystals of carbonate are lastly 
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washed with a small quantity of cold water and then rendered anhydrous 
by heating them to incipient redness in vessels of cast-iron, silver, or pla- 
tinum. Some chloride of potassium and silicate of potash still remain; 
the silica may be separated by means of charcoal (see below), but the 
chloride of potassium cannot be entirely removed. 

To treat 1 part of crude potash with only 0°6 of cold water, and then 
strain and evaporate after prolonged agitation, is less economical, because a 
large quantity of the carbonate of potash always remains in the residue. It 
is said that by this method, the solution of the sulphate of potash is 
avoided; some of that salt is, however, liable to be dissolved in consequence 
of the heat developed on mixing the potash with the water. The best 
way of getting rid of the sulphate is by evaporating and cooling the solu- 
tion obtained as above by the aid of heat. If the solution thus freed 
wholly or in part from sulphate of potash is evaporated without further 
precaution, as is generally the practice, all the chloride of potassium and 
silicate of potash remain mixed with the carbonate. The method just 
given of separating the greater part of the two salts by crystallizing the 
carbonate, is due to Mayer. (Pogg. 46, 651.) In order to free the carbo- 
nate of potash from all the silica, a solution of 1 part of carbonate in 
1 part of water, is mixed with + part of powdered charcoal, the mixture 
left for 24 hours and frequently agitated, and then filtered. (Artus, J. 
pr. Chem. 15,124.) The manganate of potash present is almost always 
decomposed by the deoxidizing action of the substance of the filter, but 
the purified potash when heated to redness often assumes a bluish tint 
from the presence of a trace of this salt, introduced. possibly with some 
ash which may have fallen in. 

3. Salt of Tartar, Sal Tartart. Purified tartar is heated to low red- 
ness in a covered crucible made of iron, silver, or platinum; the carbo- 
naceous residue put into a boiler of iron, silver, or platinum, and the car- 
bonate of potash extracted by hot water. The filtrate is then allowed to 
stand for some days in a vessel of glass or procelain, to allow the carbo- 
nate of lime to subside; filtered again, and evaporated to dryness in an 
iron, silver, or platinum pan. ‘The residue is covered with 3 parts of cold 
water, and the solution, after 3 days, decanted from the insoluble matter 
and evaporated todryness. ‘The salt of tartar thus obtained contains, ac- 
cording to Wackenroder (Ann. Pharm. 24, 17), mere traces of chlo- 
rine, lime, magnesia, and silica; Kobell asserts that some phosphate of 
potash is also present; If crude tartar is used for this purpose, a large 
quantity of cyanide of potassium is formed (from the ferment which it 
contains), and remains mixed with carbonate of potash. Even the puri- 
fied tartar of commerce requires to be re-purified before it is used. For this 
purpose, it is either dissolved in boiling water and allowed to crystallize 
from the filtrate, or washed several times ona linen cloth with cold water. 
(Wackenroder.) Or, after being finely pounded, it is boiled for an hour in a 
glass vessel, with an equal quantity of water and 4; of hydrochloric acid ; 
the solution containing lime is poured off when cold; and the tartar washed 
on a filter with water, till that which passes through no longer gives a 
precipitate with a solution of oxalate of potash or a salt of silver. 
(Stiirenberg and Dulk, WV. Br. Arch. 20, 60.) If the tartar be decom- 
. posed by putting it into a paper cone and heating it in the open fire, im- 
purities and loss can scarcely be avoided. If an earthen crucible is made 
use of, the potash unites with a portion of the silica contained in it. This 
may be avoided, according to Wackenroder, by lining the crucible with a 
mixture of starch and gum. oe ‘. 
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4, Black Flux, Fluwus niger. A mixture of carbonate of potash and 
charcoal, obtained by detonating a mixture of 2 parts of tartar and 1 part 
of nitre. The carbonate of potash may be extracted by water. If the 
mixture be thrown, by small portions at a time, into a red-hot iron cru- 
cible, the residue obtained is free from nitrate of potash, but contains 
cyanide of potassium; the latter is also present,ithough in smaller quantity, 
even when purified tartar is used. If the mixture is put into an iron 
dish and set on fire by a red-hot wire, the decomposition is incomplete, 
unless the dish is heated to redness afterwards; the mass is also found to 
contain nitrite of potash, but no cyanide of potassium. (Wackenreder.) __ 

5. White Flux, Flucus albus. Formed by igniting a mixture of equal 
parts of tartar and nitrate of potash.—The mass thus obtained is white; 
because in this proportion the oxygen of the nitric acid contained in the 
nitre is more than sufficient for the combustion of the carbon of the tar- 
taric acid in the tartar; but for that very reason the residue contains a 
considerable quantity of nitrite and likewise some nitrate of potash. 

6. Nitrum fixum. Obtained by detonating nitre with charcoal.— 
Hither powdered charcoal is thrown by degrees upon nitre fused in. a cru- 
cible, until it no longer detonates, or a mixture of about 3 parts of nitre 
and 1 part of powdered charcoal is thrown by small portions into a red- 
hot crucible and kept at red heat for some time. The mass contains nitrite 
of potash and cyanide of potassium, besides sulphate of potash, chloride of 
potassium, lime and silicate of potash (partly derived from the charcoal, 
and partly from the crucible.) (Wackenroder.) 

7. Acetate of potash is heated to redness, and the carbonaceous mass 
exhausted with water.—For this purpose, pure acetate of potash is pre- 
pared by one of the following methods:—a. Distilled vinegar is saturated 
with pearl-ash, the sulphuric and hydrochloric acids present, separated by 
the addition of acetate of baryta and acetate of silver, and the filtrate eva- 
porated to dryness. (Dulk & Gruber.) The carbonate of potash, however, 
which remains after heating the residue to redness, takes up, when dis- 
solved in water, a considerable quantity of the carbonate of baryta 
produced at the same time; the lime and silica also contained in the 
pearl-ash are not separated by this process. (Wackenroder.)—b. Acetate _ 
of lead is decomposed by an equivalent quantity of salt of tartar [or sul- 
phate of potash]. The filtrate, evaporated and heated to redness in a 
silver crucible yields a pure product. (Wackenroder.) 

8. By igniting oxalate of potash. Potash-ley is boiled down till the car- 
bonate of potash crystallizes; the crystals obtained on cooling are dissolved 
in 2 parts of water, and saturated with ordinary oxalic acid; and the simple 
oxalate of potash thus formed is purified by filtration and crystallization: 
3 parts of the crystals are then dissolved in 6 parts of water, and 2 parts of 
oxalic acid dissolved in 4 parts of water added while the liquid is hot; 
the binoxalate of potash, which crystallizes out as the mixture cvols, is 
collected ona filter, washed with water till a solution of silver remains 
unaffected by the liquid which passes through, and then thrown into a 
red-hot platinum or silver crucible. In this way, perfectly pure carbo- 
nate of potash is obtained. (Duflos, VW. Br. Arch. 28, 305.) 

_ 9. By heating bicarbonate of potash:—As the bicarbonate of potash 
is usually prepared from crude potash ‘ley, it still contains silica; it must 
not, therefore, be heated to full redness in the silver crucible usually em- 
ployed, lest’ the silica should again combine with the-potash. When the 
salt, is dissolved in water, the silica is left behind. (Berzelius.) Wacken- 
roder found that carbonate of potash thus prepared still contained a con- 
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siderable quantity of silica and chloride of potassium, but neither lime 
nor magnesia. . 

10. Carbonate of potash is thrown down from an alcoholic solution of 
the acetate by passing carbonic acid gas through it. Landmann (Bull. de 
la Soc. imp. de Mosc. 1838, 58; also Pogg. 46,650) burns sulphate of 
potash with 4 of its weight of charcoal; dissolves the sulphide of potas- 
sium thus obtained, in wood-vinegar; skims off the tar; boils the solution 
with water and charcoal obtained from animal matter; evaporates the 
filtrate to dryness; fuses the salt at a gentle heat in iron vessels, so that 
no acetic acid may be driven off; dissolves the fused mass when cool in 
water; filters; evaporates to dryness; dissolves the remaining white salt 
in alcohol, to saturation; and passes a stream of carbonic acid gas through 
the liquid: by this treatment carbonate and bi-carbonate of potash are 
precipitated. The precipitate, when pressed and fused, affords pure car- 
bonate of potash. Acetic ether may be prepared from the filtrate. 
Wackenroder gives the preference to the third method. 


Impurities found in carbonate of potash.—Sulphate of potash: Turbi- 
dity produced on adding chloride of barium with excess of hydrochloric 
acid.—Chloride of potassium: Cloud with nitrate of silver and nitric acid 
in excess.— Phosphate of potash: Floculent precipitate on the addition 
of a little chloride of calcium and excess of ammonia, after long boiling with 
excess of hydrochloric acid to expel all the carbonic acid.—Witrate or 
nitrite of potash: The solution of the salt in excess of sulphuric acid turns 
reddish when solution of ferrous sulphate is poured upon it.—Cyanide 
of potassium: Prussian-blue formed on the addition of ferroso-ferric sul- 
phate and excess of hydrochloric acid.—Soda: On saturating the carbo- 
nate of potash with acetic acid, evaporating to dryness, dissolving the 
residue in alcohol, precipitating the potash with bichloride of platinum, 
evaporating the filtrate mixed with sulphuric acid, igniting the residue, 
exhausting it with water, concentrating the solution by evaporation, and 
leaving it to cool, crystals of sulphate of soda are obtained, easily recog- 
nized by their form.—Carbonate of lime: Dissolves in water, partly through 
the medium of the carbonate of potash. A solution of this kind, when 
left to stand for some time, yields a crystalline deposit of carbonate of 
lime; it also gives a cloud with oxalic acid, after neutralization with 
acetic acid.— Silica: Partly remains undissolved when the salt is digested 
in water; partly dissolves, often in large quantity, in the form of silicate 
of potash. This solution, supersaturated with hydrochloric acid, yields, if 
it be rich in silica, a gelatinous precipitate of that substance, at least 
when evaporated; in any case, the mixture, when evaporated to dryness 
and then digested in water to dissolve the chloride of potassium, leaves a 
residue of silica.—Oxide of copper: The salt neutralized with acetic acid 
gives the reactions of copper. 

White, solid mass, of specific gravity about 2:2643. (Karsten.) Fusi- 
ble at a bright red heat; volatile at a white heat. Tastes strongly alka- 
line; exerts an alkaline reaction on vegetable colours, but is only slightly 
corrosive. 


Calculation. Vauquelin. Longchamp. Ure. Dalton. Bérard. 
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The salt is decomposed at a red heat, by vapour of water, yielding 
hydrate of potash and carbonic acid gas. (Gay-Lussac & Thénard.) 
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Heated to whiteness with 2 atoms of charcoal, it yields carbonic oxide 
gas and potassium; heated to redness with silica, it yields carbon, carbo- 
nic oxide gas, and silicate of potash. 

Carbonate of Potash with 2 atoms of water: crystallizes from a concen- 
trated aqueous solution of salt of tartar or pearl-ash, on long standing. 
Indistinct rhombic octohedrons with truncated summits (J/g. 42); the 
angles of the rhomb, = 122° and 58° (Comp. Bérard, Ann. Chom. 71, 50; 
Giese, Scher. Ann. 4,294; Fabroni, who erroneously considers himself the 
discoverer, Ann. Ohim. Phys. 25, 5; Phillips, Phil. Mag. Ann. 1, 468; 


Wackenroder, Kaztn. Arch. 11, 222; Planche & Lecann, J. Pharm. 12, 


337.) : 
Calculation. Giese. Bérard. Phillips. 
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Aqueous Carbonate of Potash ; Oil of Tartar, Oleum tartart per deli- 
guium, Liquor nitri fixt. Both the anhydrous and the crystallized salt 
deliquesce rapidly in the air and form an oily liquid.—10 parts of dry 
carbonate of potash exposed for 42 days to an atmosphere saturated with 
moisture, attract 36 parts of water. (Brandes, Schw. 51, 423.) 1 part of 
carbonate of potash requires for solution at 3° (37°4° F.), 1°05 parts of 
water; at 6° (42°8 F.), 0:962 parts; at 12°6° (54° F.), 0°9 parts; at 26° 
(78:8 F.), 0°747 parts; and at-70° (158° F.), 0°49 parts of water. (Osann.) 
The specific gravity of the most concentrated solution, containing 48°8 per 
cent. of salt, is 1°54, and its boiling point 118° (235°4 F.)—Dalton. - 


Amount of Anhydrous Salt contained in an Aqueous Solution of Carbonate 
of Potash, according to Tunnerman. (NV. Tr. 18, 2, 20), at 15° (59°F.). 


Sp. gr. Percent. Sp. gr. Per cent. Sp. gr. Per cent. Sp. gr. Percent. 


1°4812 40°504 1°3585 30°349 | 1°2282 19°580 1°0940 8°811 
1°4750 40°139 1°3480 29°360 | 1°2150 18°601 1°0829 7°832 
1°4626 39°160 1°3378 28°391 | 1°2020 17°622 10719 . 6°853 
1°4504 38°181 13277 27°412 } 1°1892 16°643 10611 5°874 
1°4384. 37°202 L-3172 26°432 | 1°1766 15°664 1:0505 4°895 
1°4265 36°223 1°3078 25°454 | 1°1642 14°685 1°0401 3°916 
1°4147 39°244 1:2980 24°475 | 1°1520 13°706 1°0299 2°934 
1°4030 34°265 1°2836 237496) 1 +3400": 92°727 1°0108 1°958 
1°3915 33°286 1°2694 22517 | 1*1282 11°748 1°0098 0-979 
1°3803 32°307 1°2554 21°538 | 1°1166 10°769 1:0048 0°489 
1°3692 31'328 1°2417 20°539 | 1°1052 9°790 


6b. SESQUI-CARBONATE OF Potasu?—An aqueous solution of bi-car- 
bonate of potash boiled as long as it evolves carbonic acid—or a solution 
of 1 atom of carbonate and 1 atom of bi-carbonate of potash in hot water— 
yields, on cooling, crystals of the sesqui-salt; these crystals are delique-. 
scent in the air, and insoluble in alcohol. (Berthollet; Berzelius, Lehrb. 
4,104.) According to H. Rose’s experiments, the existence of this salt 
is doubtful (wd. III. p. 25). | 


c. Br-carBonaTE oF Potasn.—Berthollet’s neutral carbonate of 
potash.—Known only in combination with water.—1. When a concentrated 
solution of simple carbonate of potash is saturated with carbonic acid gas, 
the greater part of the more ‘difficultly soluble bi-acid salt crystallizes out, 
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‘The carbonic acid gas generated during the fermentation of wine, may be 


conducted into the potash-ley by means of a connecting tube; or the ley 
may be placed in an open vessel in the space filled with carbonic acid 
gas over the fermenting liquid: or the carbonic acid gas may be evolved 


- from chalk, marble, &c., by means of diluted sulphuric or hydrochloric 
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acid. The gas is first conducted through a bottle half full of water, to 
free it from any impurities mechanically carried over, and then into the 
potash-ley. This is contained either in a number of Woulfe’s bottles 
connected by bent tubes, or in one large vessel.’ The apparatus may be 
so arranged, that the carbonic acid shall be given off exactly at the same 
rate as it is absorbed. ‘The gas may be evolved either from the gas-gene~ 
rating vessel of Mohr (A pp. 44, described II. 92), or from a Woulfe’s bottle 
filled with pieces of chalk, and having a narrow bent tube fitted into one 
of its mouths, the inner end reaching to the bottom of the bottle, whilst 
the outer end passes into a vessel containing common dilute hydrochloric 
acid. The carbonic acid gas is formed at first so rapidly and in such 
abundance, that the air is driven out of all the bottles through the open 
mouth of the last, and the whole space becomes filled with carbonic acid 
gas. This opening is hereupon closed. 

In proportion as the gas is absorbed, either an additional quantity of 
hydrochloric acid passes into the Mohr’s bottle, or the acid passes through 
the bent tube into the Woulfe’s bottle filled with chalk, aud developes 
more carbonic acid.—The bent tubes which conduct the gas should not 
be in contact with the potash solution, because they would quickly be 
stopped up by the bicarbonate crystallizing within them; besides, finer 
and larger crystals are formed when the solution is not disturbed by bub- 
bles of gas.—The absorption always proceeds slowly, but more quickly in 
proportion to the concentration of the solution; large quantities require a 
week to saturate them completely—From common potash-ley, carbonic 
acid at first throws down a large quantity of silica, which can only be 
partially separated from the crystals, by stirring and decanting the solu- 
tion. It is well, therefore, before using the potash-ley, to free it from the | 
silica by means of charcoal.—If the crystals contain silica, they must be 
dissolved in water at 60°, (140° F.) to saturation, filtered and crystallized 
by cooling to alow temperature. Much loss is however sustained by 
this mode of proceeding; because, while the salt is dissolving, carbonic 
acid passes off, and simple carbonate is formed; and a further and pro- 
portionally greater loss is incurred on endeavouring to recover the re- 
mainder of the salt by gently evaporating the mother liquor. (Vid, 
Weitzel, Ann. Pharm. 4, 80; Mohr, Ann. Pharm. 29, 268.) 

2. Solid carbonate of potash, slightly moistened, is saturated with 
carbonic acid.—Wohler (Ann. Pharm. 24, 49) burns tartar in a covered 
crucible, moistens the carbonaceous mass when cold with a little water, 
puts it into a suitable vessel, and passes carbonic acid gas through it to 
saturation. Absorption takes place very rapidly, and with great rise of 
temperature; hence the vessel must be surrounded with cold water. The 
mass is then exhausted with a little water at 60° (140° F.), filtered, and 
allowed to cool, when most of the salt separates in large crystals.— 
Duflos (VW. Br. Arch. 23, 805) evaporates to dryness a mixture of 3 
parts of carbonate of potash, 1 part of starch, and 4 parts of water; heats 
it to redness; and treats the carbonaceous residue by Wéhler’s method.— 
Creuzburg (Kasin. Arch. 17, 252) reduces the half dry carbonate of 
potash to powder, moistens the mass with alcohol, and exposes 1t to car- 
bonic acid gas; the gas is absorbed with great rise of temperature, and, 
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the salt bakes together into a dry mass. This is broken up, moistened 
with very dilute alcohol, and again exposed to the gas, by which it be- 
comes completely saturated. j at 

8. A concentrated solution of carbonate of potash 1s heated with 
sesquicarbonate of ammonia, whereupon caustic ammonia 1s given off. 
(Cartheuser, Acta Ac. Hl. Mogunt. 1757, 1, 149.) The operation 1s con- 
ducted in a retort, that. the ammonia may be collected.—Duflos (Br. 
Arch. 29, 50) heats the filtered solution of 4 parts of carbonate of potash in 
4 parts of water, in a flask immersed in a boiling water bath—adds 1 
part of ordinary carbonate of ammonia in lumps—places the head on— 
boils for an hour or more—leaves the solution to cool, and collects the 
erystals. The mother-liquor is again treated in the same manner with 1 
part of carbonate of ammonia, and yields as large a crop of crystals as 
before ; and an additional quantity on being evaporated and cooled. The 
total quantity obtained is 43 parts.—Bucholz (Zaschenb. 1817, 148) and 
Trommsdorft (1. 7'r. 17, 1, 17) obtained but a small quantity of crystals 
by this method. 

4, A eoncentrated solution of carbonate of potash, heated to 75° 
(167° F.), is mixed with barely half as much acetic acid or cream of 
tartar, as would be required to saturate the whole of the potash; the acid 
being added by degrees, till the solution begins to effervesce strongly ; it is 
then filtered. A considerable quantity of bicarbonate crystallizes out on 
cooling. (Sehlmeyer, Kastn. Arch. 2, 495—Folix, Br. Arch. 38, 151.) ~ 

The crystals obtained by either of these methods are washed with a 
little cold water, and then dried by gentle pressure between folds of bibu- 
lous paper. 

Large transparent crystals belonging to the oblique prismatic system. 
Primary form ; a right rhomboidal prism (Fig. 90). Cleavage-planes paral- 
lel tot, 4, and J. ¢: f backwards= 127°. 35); t:¢== 126° 45°; ¢ 7 = 103 
D6'5 5 t=) 1 56° 50's TSA BBO ee tf 10S" 40ers 
w:u=1388°. The increase of the ¢ surface often causes the / and f sur- 
faces to disappear. (Brook, Ann. Phil. 22, 42.) Tastes saline, slightly 
alkaline, but no longer caustic; its reaction is slightly alkaline. 


Calculation. Bergman, Vauquelin. Kirwan. Pelletier. Val.Rose. Bérard. 
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Crystallized 100°2 ....100°0 ... 100 .... 100 .... 100 .... 100 ... 100 .... 106-00 


The crystals, when dry, remain unaltered in the air. In vacuo over 
oil of vitriol, they lose in 24 hours only 0:05 per cent., and in an air- 
tight bell-jar over hydrate of potash, 0°47 per cent. of water. (H. Rose.) 
When strongly heated, they lose half their acid, together with the water. 
When the salt is dissolved in water, it gives up the half of its acid much 
more readily.—A cold dilute solution placed by itself under an exhausted 
receiver evolves bubbles of carbonic acid, amounting, with frequent 
exhaustion, to 4°52 per cent. in 20 hours. If there be placed in the 
vacuum a vessel containing oil of vitriol diluted with so much water that 
it will not cause the liquid to solidify, the solution emits large bubbles of 
gas, and yields distinguishable crystals of carbonate and bicarbonate of 
potash (but no sesquicarbonate), in about equal quantities, A solution 
of these mixed crystals in water again placed in vacuo, still emits bubbles 
of carbonic acid; but notathirdtime. After this, the salt is found to have 
lost 10°62 per cent. of carbonic acid, and by continually repeating this 
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treatment, simple carbonate of potash would at length be obtained alone. 
By evaporation to dryness over oil of vitriol in a receiver containing air, 
at a temperature between 15° and 18°, the solution also loses 6°36 per 
cent. of carbonic acid; if the receiver. contains hydrate of potash as 
well as oil of vitriol, the loss of carbonic acid amounts, after the eva- 
poration to dryness, to 18°25 per cent., or nearly half.—A solution of 
bicarbonate of potash boiled in the air, loses in half an hour, 11°85 per 
cent.; after long boiling—the water being replaced as it evaporates— 
almost the half of the carbonic acid goes off, so that scarcely anything 
but simple carbonate remains. When the liquid is boiled under strong 
pressure, the loss of carbonic acid in the same time is less. (H. Rose, Pogg. 
34, 149.)—This salt dissolves in 4 parts of cold, in % parts of boiling 
water, and 1200 parts of hot alcohol. (Vid. Bergmann, Opusc. 1, 18 ;— 
Berthollet, V. Gehl. 3, 257.) 


PoTASSIUM AND Boron. 


A. Boride of Potassium’—According to Sir H Davy, these two ele- 
ments unite without inflammation, and form a grey metallic mass, which 
conducts electricity, and is decomposed by contact with water, yieldin 
potash and hydride of boron. According to Gay-Lussac & Thénard, the 
product obtained by heating the two elements, is not a chemical com- 
pound, but only a mixture. 


B. Borate oF PorasuH. 


a. MonoporatE.—When 100 parts of boracic acid are heated to 
redness with excess of carbonate of potash, a quantity of carbonic acid 
is given off, as much, namely, as was previously combined with 139 parts 
of potash. (Arfvedson).—The compound is obtained pure, by fusing 
together one atom (= 24'8 parts of vitrefied or 61°'8 parts of crystallized) 
boracic acid with one atom ( = 69:2 parts) of dry carbonate of potash. It 
is fusible at a strong white heat—difficultly soluble in water—and does not 
crystallize from the solution; has a distinctly caustic alkaline taste— 
and absorbs carbonic acid from the air, till it is converted into a 
mixture of one atom of carbonate of potash, and one atom of biborate of 
potash. (Berzelius, Pogg. 34, 568.) 


b. BrnoratE.—A solution of carbonate of potash is supersaturated 
_ with boracic acid at a boiling heat, and solution of potash added till the 
liquid becomes alkaline; it is then left to crystallize. At first, the salt d 
crystallizes out, and then from the mother-liquor the salt 6,—Crystallizes 
in regular six-sided prisms, acute rhombohedrons with the lateral vertices 
often truncated, and double six-sided pyramids. (Fig. 135, 151, 154, and 
181.) Tastes slightly alkaline; reddens turmeric; swells in the fire like 
borax, and then fuses to a clear glass; dissolves readily in hot and cold 
water. - eo ; Laurent.) 


“Calculation. Arfvedson. Calculation. Laurent. 
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c. TERBORATE.—Forms sometimes on the surface of the foregoing 
solution in rectangular prisms, terminated with four-sided summits which 
are set upon the lateral edges (therefore with the m, t, and a, faces of the 
right prismatic system). Unaltered in the air; fuses easily, and at the 
same time froths up. (Laurent.) Be 


_ d. SexporatE.—Crystallizes from the solution when it is neutral, or 
when it reddens litmus.—Right rectangular prisms, terminated by four or 
six-sided summits, mostly hemitropic. Very brilliant. Turns reddened 
litmus slightly blue. Permanent in the air. Dissolves sparingly in cold, 
freely in boiling water. The solution coloured blue with tincture of 
litmus, assumes a wine-red colour on the addition of a little sulphuric 
acid, which sets free the boracic acid. It is not till all the potash is 
saturated with sulphuric acid, that a drop of the tincture produces the bright 
red colour. (I., 152; Laurent, Ann. Chim. Phys. 67, 215; also Ann. 
Pharm. 28, 89; also J. pr. Chem. 14, 506.) 


Calculation. Laurent. Calculation. Laurent. 
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PoTASsIUM AND PHOSPHORUS. 


A. PHospHIpE oF Porasstum.—1. Potassium unites with phosphorus 
when gently heated with it in a vessel containing nitrogen, the com- 
bination being attended with evolution of light and heat. (Gay- 
Lussac and Thénard.) Under rock-oil, the combination takes place 
without combustion, merely causing the oil to boil. (Magnus, Pogg. 17, 


527.)—2. Heated potassium withdraws the phosphorus from phosphu-. 


retted hydrogen gas. (Gay-Lussac & Thénard.)—3. Potassium heated 
with glacial phosphoric acid, yields a red mass, which, when mixed with 


water, gives off the less inflammable phosphuretted hydrogen. (Gay- 


Lussac & Thénard.) Probably a mixture of phosphide of potassium and 
phosphate of potash.—To obtain this compound pure, potassium must be 


heated with excess of phosphorus in a thin glass flask, through which a 


eurrent of dry hydrogen gas is passed, till flame is produced, and further 
till the excess of phosphorus is volatilized. (H. Rose, Pogg. 12, 547.) _ 
Dark chocolate-brown substance without metallic lustre. (Gay-Lussac 
& Thénard.) When excess of potassium is present, the compound is 
dark-grey, and possesses metallic lustre (H. Davy); copper-red, haying 
the metallic lustre; crystalline; emitting bubbles when crystallized after 
fusion (H. Rose); when prepared under rock-oil it is dark-yellow and 
spongy. (Magnus. )—Heated in the air, it burns with lively inflammation 
and forms phosphate of potash. (H. Davy.)—With water it is decomposed 
into phosphuretted hydrogen, hypophosphite of potash, and solid phos- 
phide of hydrogen. The evolution of the phosphuretted hydrogen is 
followed by a sort of explosion. This gas is sometimes easily inflam- 
mable, sometimes difficultly so; and its volume is greater than that of the 
hydrogen which the potassium contained in the compound would of itself 
have evolved. If the vessel filled with hydrogen gas, in which the phos- 
phide of potassium was prepared, be opened under water, so that only the 
vapour of water comes in contact with the phosphide, decomposition pro- 


| 
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ceeds gradually, with the production of spontaneously inflammable phos- 
phuretted hydrogen gas; from the decomposed mass water dissolves, hypo- 


_ phosphite of potash quite free from phosphate, and separates a yellow 


powder, which, on being heated, melts and assumes the appearance of phos- 
phorus. (H. Rose.) This yellow powder is solid phosphide of hydrogen, 


(II., Magnus.) 


B. Compounp or Potash AND PHospHoric Ox1DE.—Phosphoric oxide 
covered with a solution of potash, becomes black by combining with the 
potash, but quickly passes into phosphuretted hydrogen gas and phos- 
phate of potash.—A small quantity of the oxide dissolves in absolute 
alcohol which contains a little potash, producing a bright-red solution, 
and is again thrown down as hydrate by weak sulphuric acid. (A solu- 
tion richer in potash would soon effect a decomposition into phosphu- 
retted hydrogen and phosphate of potash.) If more phosphoric oxide ig 
added to the red solution, it becomes coloured brown without dissolving; 
and a further addition of oxide throws down all that was previously dis- 
solved. Hence the compound of potash with a little phosphoric oxide is 
soluble in alcohol, but not that which contains a larger quantity of the 
oxide. The last mentioned brown compound is decomposed during 
washing — even. with absolute alcohol—into phosphate of potash and 
oxide of phosphorus, becoming colourless at the same time. (Leverrier, 
Ann. Chim. Phys. 65, 266.) 


C. HypornospnHitE or PorasnH.—Phosphate of lime is decomposed 
by carbonate of potash, the filtrate evaporated to dryness at a gentle 
heat, the hypophosphite of potash extracted from the residue by means 
of alcohol, and the solution evaporated in yacuo over oil of vitriol.—2. 
Solution of potash is boiled with phosphorus, and left to evaporate slowly 
in the air, so that the excess of caustic potash may be saturated with car- 
bonic acid ; the residue is exhausted with alcohol, and the solution placed 


_ in vacuo.—8. An alcoholic solution of potash is boiled with phosphorus, 


the liquid poured off from the phosphorus undissolved, and—if much salt 
has crystallized out—the mass treated with more alcohol in order to re- 
dissolve it ; powdered bi-carbonate of potash is then added, to convert 
the excess of caustic potash into carbonate; and, after some time, the solu- 
tion is decanted and the alcohol distilled off. (H. Rose, Pogg. 12, 84, 32, 
467.) In the same manner this salt was earlier obtained by Grotthuss 
(Ann. Chim. 64, 20), and Sementini (Schw. 17, 384). The latter regards 
it as phosphide of potash. According to him, it is prepared either by 
placing sticks of phosphorus in a saturated alcoholic solution of potash, 
and leaving them for a fortnight till no more phosphuretted hydrogen is 
developed—whereupon, the hitherto oily liquid becomes limpid, and deposits 
a red powder together with a part of the salt in scales: the rest may be 


obtained by evaporation;—or by mixing a concentrated aqueous solution 


of potash, first with pieces of phosphorus and then with alcohol: the 
addition of the alcohol causes evolution of phosphuretted hydrogen. 
White, opaque, confused crystalline mass (Sementini),—Heated to 
redness out of contact of air, it evolves easily inflammable phosphuretted 
hydrogen, and leaves hypophosphate of potash. (H. Rose.) Burns with 
a yellow flame if heated in the air. Detonates violently when evaporated © 
to dryness in contact with nitric acid. (Sementini.) Very soluble in 
water and alcohol; deliquesces in the air more rapidly than chloride of. 
calcium. (Dulong.) | : 3 us 
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D. PuospnitE oF Potasn.—Phosphorous acid neutralized with 
potash yields in vacuo a thick syrup, in which small crystals are found. 
(H. Rose, Pogg. 9, 28.) Not crystallizable, deliquescing in the air, inso- 
luble in alcohol. (Dulong.) Fourcroy & Vauquelin, who sought to pro- 
duce this salt by the combination of potash with phosphorous acid prepared 
by the slow combustion of phosphorus and containing much phosphoric 
acid, obtained rectangular four-sided crystals with dihedral summits— 
having a sharp and saline taste—containing 49°5 potash, 39°5 phos- 
phorous (2) acid, and 11:0 water,—unaltered in the air,—decrepitating 
in the fire, and then melting with slight phosphorescence,—soluble in 
3 parts of cold and in a smaller quantity of hot water. [ Was this biphos- 
phate of potash ?] 


E. OrpDINARY OR TERBASIC PHOSPHATE OF POTASH. 


a. Bastc or Tri-PnospHate.—One atom of phosphoric acid heated 
with excess of carbonate of potash, evolves 3 atoms of carbonic acid, and 
consequently takes up 3 atoms of potash. (Mitscherlich.)—Obtained by 
strongly heating phosphate of potash with hydrate of potash.— White mass, 
fusing at a gentle red heat to a clear glass, which, on ccoling, always becomes 
opaque.—It dissolves almost entirely in hot water, and separates on cool- 
ing in crystalline grains, With phosphoric, hydrochloric, and nitric acids 
it readily forms a glutinous liquid, from which, after some degree of con- 
centration, it separates, on the addition of alkalis, in a granular form. 
(Darracq, Ann. Chim. 40,176.) By strongly heating 2 parts of chlorate 
of potash with 1 part of (syrupy?) phosphoric acid, and exhausting the 
mass with water, Darracq obtained this salt as an insoluble residue. 
(Should not this be metaphosphate of potash?)—The solution obtained 
from phosphoric acid fused with excess of carbonate of potash, yields 
small needles, very soluble in water, but not altogether deliquescent. 
(Graham, Pogg. 32, 47.) 


Calculation. Saussure. 
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b. NeutTRAL or Di-PHospHatE.—2KO,HO, ¢cPO*. Cannot be ob- 
tained in a crystalline form. (Graham.) The square octahedrons which 
Thomson asserts he obtained of this salt, belong probably to the salt c.— 
This salt in solution is decomposed by sulphate and hydrochlorate of 
ammonia, by double affinity. (Funcke, WV. 7'r. 8, 2, 60.) 


c. MonopnospHatE.—Acid. Phosphate.—Phosphoriec acid is added to 
neutral phosphate or carbonate of potash, till the liquid reddens litmus 
paper; on drying, however, the paper again becomes blue. When solu- 
tion of phosphoric acid is exactly neutralized with potash and evaporated 
till crystallization commences, acid phosphate of potash crystallizes out, 
and the mother-liquor possesses an alkaline reaction. (Mitscherlich.)— 
Crystalline system, the square prismatic, (4g. 23 and 30.) The crystals 
of Fig. 28 form best in asolution which, at the same time, contains neu- 
tral phosphate of potash. e : e = 122° 16! (122° 2! Brooke); e: 2 = 
86° 24'; e: r = 183° 12! (183° 15’ Brooke); 7 : r = 90°. (Mitscherlich.) 
As the crystals contain only 2 atoms of basic water and no water of crys- 
tallization (KO, 2HO, cPO°), they continue clear even at 204°. (Graham.) 


‘ 
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This salt melts in the fire to a clear glass of metaphosphate of potash, 
which, however, becomes opaque on cooling. It tastes very acid, and 
strongly reddens litmus paper, though the redness disappears on drying. 
Kasily dissolved by water; insoluble in alcohol. (Vauquelin, Ann. Chim. 
74, 96 i Mitscherlich, Ann. Chim. Phys. 19, 864; Brooke, Ann. Phil. 
23, 480, 


Calculation. Mitscherlich. Calculation. Mitscherlich. 
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F, PyrorpuHospHaTE oF PorTasH. 


a. NEUTRAL PyropHospHATE, 2KO, 0PO*.—1. Obtained by heating 
EH, b, to redness. The salt dissolved in water does not crystallize on 
evaporation, but is reconyerted into E, 6, by combining with one atom of 
basic water. (Graham.)—T 2. By treating an alcoholic solution of potash 
with a slight excess of ordinary phosphoric acid, and afterwards adding 
alcohol till the liquid becomes milky: in the course of 24 hours, a dense 
acid syrup separates, which is a mixture of 2KO, HO, PO’ and KO, 2HO, 
PO*. The syrupy mixture is then evaporated to dryness in a platinum 
dish and ignited, whereby a mixture is obtained consisting of pyrophos- 
phate and metaphosphate of potash, which can readily be separated in 
consequence of the insolubility of the latter salt in water. Pyrophosphate 
of potash, after ignition, forms a white fused mass, which deliquesces very 
rapidly in the air; its aqueous solution has an alkaline reaction, and 
may be boiled without being converted into ordinary phosphate. This 
change takes place however when the solution of the salt is boiled with 
caustic potash. When a syrupy solution of pyrophosphate of potash is 
evaporated over oil of vitriol, it solidifies to a brilliant white radiated mass 
= 2KO, PO® + 3Aq. One atom of water is driven off below 100°, but 
the salt is rendered anhydrous only at a temperature of 300°. (Schwarzen- 
berg, dnn. Pharm. 55, 133.) 


Calculation. Schwarzenberg. Crystallized. Schwarzenberg. 
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6. Actp PyropHosPpHAaTE.—The neutral salt is dissolved in acetic acid 
and alcohol added; acid pyrophosphate of potash separates in the form of 
a syrupy liquid, leaving acetate of potash dissolved in the alcohol. 


2KO, PO® + AcHO = KO, HO, PO’ + KO, Ac. 


—The syrupy liquid is washed several times with alcohol and placed in a 
basin over oil of vitriol; it solidifies in a few days to a white deliquescent 
mass. The aqueous solution is acid to test paper, and may be boiled 
without being changed into the ordinary phosphate. 


Calculation. Schwarzenberg. 
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(Schwarzenberg, Ann. Pharm. 65, 183.) T 
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G. MeErapPHosPHATE oF PorasnH.—KO, aPO®. 


1. Acid phosphate of potash E,c, gradually heated to above 204° 
(399°2° F.) undergoes semifusion and becomes partly soluble in water, 
If heated almost to redness, it is rendered wholly insoluble; and if then 
fused and raised to a white heat, it undergoes no further change. Water 
boiled for an hour with the powdered salt dissolves nothing. Graham 
does not precisely explain whether he considers this substance as the 
metaphosphate of potash or not.—2. The salt obtained in solution from a 
mixture of aqueous metaphosphoric acid and potash is permanent, but not 
erystallizable. (Graham, Pogg. 32, 64.) 

7 38. When a mixture of equal parts of chlorate of potash and syrupy 
phosphoric acid is strongly ignited, and the residue digested with water, 
metaphosphate of potash remains in the form of an anhydrous compound, 
nearly insoluble in water, but dissolving in acids, whether concentrated 


or dilute: ~The acetic acid solution gives a white precipitate with nitrate 


of silver. 


Calculation. Maddrell. 
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(Maddrell, Mem. Chem. Soc. 8, 373.) 


PoTASsSIUM AND SULPHUR. 


Potassium unites with sulphur by the application of a gentle heat, the 
combination being attended with vivid inflammation. (H. Davy, Gay- 
Lussac, & Thénard.) In this manner, 1 atom of potassium combines with 
at least 1 atom, and at most 5 atoms, of sulphur. (Berzelius.) 


A. MonosvLpHIpE oF Potasstum.—]. Hydrogen gas is passed over 
sulphate of potash at a red heat. (Berzelius.) ae 


KO, SO? + 4H = KS + 4HO. 


—The glass or porcelain tube is attacked in this operation from the 
formation of silicate of potash, and thereby much hydrosulphuric acid is 
evolved. (Berzelius, Regnault, Ann. Chim. Phys. 62, 386.)—2. 87:2 parts 
(1 At.) of sulphate of ‘potash are heated to bright redness, with rather 
more than 24 parts (4 At.) of charcoal, or in a charcoal crucible. (Berthier.) 
If the heat is not sufficient, about + of the potash remains undecomposed, 
and a mixture is formed of potash with a sulphide of potassium contain- 
ing more than one atom of sulphur, (Gay-Lussac.) If an excess of carbon 
is not used, the product consists of sulphide of potassium having more 
than one atom of sulphur, and carbonate of potash. (Wittstock.)—3. Also 


according to Berzelius, when sulphur is gently heated (at a temperature - 


of 105°, Fordos & Gelis) with excess of hydrate of potash, the mixture 
boils up and monosulphide of potassium is formed, mixed howeyer with 
hyposulphite of potash. Sie 
3(KO, HO) + 48 = 2KS + KO, 8°O? + 3HO. 

—The sulphide obtained by the first process is of a light cinnabar-red 
colour, with a crystalline fracture, becoming dark with heat, and melting 
below redness, after which it appears black and opaque. (Berzelius.) That 
obtained by the second process is of a beautiful flesh colour, translucent, 


DOUBLE SULPHIDE OF HYDROGEN AND POTASSIUM. 31 


irregularly crystalline, and volatile at a red heat. (Berthier, Ann. Chim. 
Phys, 22, 233.) . 


Calculation. 
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This substance burns very slowly at a red heat in the air, because it 
quickly becomes covered with a crust of sulphate of potash. (Berzelius; 
Berthier.) Sulphide of potassium is deliquescent in the air; that obtained 
by the second method dissolves in water with considerable rise of tempera- 
ture, so that any portion of carbon still mixed with it becomes luminous 
on moistening the mass. The solution contains either hydrated sulphide 
of potassium, or monohydrosulphate of potash: or, according to H. Rose’s 
supposition (Pogg. 55, 533), one atom of free potash with one atom of the 
double sulphide of hydrogen and potassium : 


2KS + HO= KO + KS, HS; 


_or bihydrosulphate of potash. (II., 225,226.) The same solution is obtained 
by dividing a solution of potash into two equal parts, saturating one part 
with hydrosulphurie acid, out of contact of air, freeing the solution from 
the excess of hydrosulphuric acid absorbed by the water, and then mixing 
it with the other part. The solution is a colourless liquid, having an 
alkaline and bitter taste, a highly alkaline reaction and corrosive proper- 
ties; mixed with hydrochloric acid, it evolves sulphuretted hydrogen 
without depositing sulphur; it likewise exhibits the decompositions de- 
scribed at page 226, Vol. II. When sulphide of potassium, made according 
to the first or second method, contains more than one atom of sulphur, 
the solution is yellow and becomes cloudy on the addition of an acid, in 
consequence of the deposition of sulphur. The solution evaporated out 
of contact of air, leaves sulphide of potassium. From a concentrated 
solution, absolute aleohol separates hydrated sulphide of potassium or 
mono-hydrosulphate of potash, in the form ofan oily liquid which again 
redissolves in excess of alcohol. .(Berzelius, Pogg. 6, 438.) 

Sulphide of potassium unites with many electro-negative metallic sul- 
phides, forming sulphur salts, which, when dissolved in water, may be con- 
sidered as double salts of hydrosulphuric acid. It is very soluble in alcohol. 


B. DovsiE SutPHipe or Hyprogen anv Porasstum.—Sulph-hydrate 
of Potassiwm.—1. When a quantity of potassium which evolves from water 
one measure of hydrogen gas is heated in hydrosulphuric acid gas, it takes 
fire and absorbs all the sulphur and half the hydrogen from two mea- 
sures of the gas, leaving one measure of hydrogen free. (Gay-Lussac 
& Thénard.)—2. Hydrosulphuric acid gas is passed over carbonate of 
potash at a low red heat as long as water and carbonic acid gas—which 
escape with ebullition—are given off. (Berzelius.) Greyish yellow or 
brown (Gay-Lussac & Thénard); white (but yellowish if the access of air 

be not entirely prevented) crystalline and black when melted. (Ber- 
* zelius.)\—With dilute acids it evolves a volume of hydrosulphuric acid 
gas, twice as great as that of the hydrogen which the potassium present 
would set free from water. (Gay-Lussac & Thénard, Recherch. 1, 185; 
Ann. Chim. 95,164; Ann. Chim. Phys. 14, 363.) 


Calculation. Or: Calculation. 
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It deliquesces rapidly in the air; and when put into water forms, with- 
out effervescence, a clear solution which may be considered either as 
solution of double sulphide of hydrogen and potassium or as bi-hydrosul- 
phate of potash (zweifach hydrothion-kali). The same liquid is obtained 
by saturating a solution of potash with hydrosulphuric acid in a close 
vessel, and boiling to expel the excess of gas retained by the water. If 
solution of potash be put into a tubulated retort—and, by means of a tube 
fitted into the neck, hydrogen gas be passed into the retort till all the air 
is expelled—then hydrosulphuric acid gas, as long as it is absorbed—then 
again hydrogen gas, while the liquid is heated till it is evaporated to the 
consistence of syrup—and finally the retort closed,—large colourless erys- 
tals are obtained, having the form of four and six-sided prisms, terminated 
by four and six-sided summits. The crystals when exposed to the air 
again deliquesce to a syrup. (Berzelius.) The aqueous solution smells 
slightly of sulphuretted hydrogen, tastes strongly alkaline and bitter, has 
a strong alkaline reaction, and acts corrosively on organic substances. It 
changes in the air—first forming a yellow solution of pentasulphide of 
potassium and potash, or hydrosulphite of potash and excess of potash : 


5(KS, HS) + 80 = 2KS®° + 3KO + 5HO; 
or:  5(KO,2HS) + 80 = 2(KO, HS*) + 3KO + 8HO. 
and subsequently a colourless solution of hyposulphite of potash: 
KS, HS + 40 = KO, S8?0? + HO; 
or: KO, 2HS + 40 = KO, 8°70? + 2HO. 


But at the same time the carbonic acid of the air expels some of the 
sulphuretted hydrogen gas—hence the odour. Sulphur, especially with 
the aid of heat, drives out half the hydrosulphuric acid, and dissolves, 
producing yellowish brown pentasulphide of potassium or hydrosulphite 
of potash. Acids liberate sulphuretted hydrogen gas, but do not throw 
down sulphur, unless the solution has been exposed to the air. 


C. Bi-suLPHIDE oF PorasstuM.—1. One atom of bisulphate of potash 
is heated to redness with 7 atoms or more of charcoal. (Geiger.)—2. The 
alcoholic solution of the double sulphide of hydrogen and potassium is 
exposed to the air till a film of hyposulphite of potash begins to form on 
the surface, and then evaporated to dryness in a close vessel. (Berzelius.) 
When a mixture of 276'8 parts (4 At.) of carbonate of potash with rather 
less than 112 parts (7 At.) of sulphur is heated to redness, bisulphide of 
potassium is obtained, mixed with sulphate and undecomposed carbonate 
of potash. 

4(KO, CO?) + 7S = 3KS? + KO, SO + 4CO*. (Berzelius.) 


The salt prepared according to the first method is yellowish red, of erys- 
talline texture, and deliquesceut. (Geiger, V. Zr. 3,1, 453.) That pre- 
pared according to the second, is orange-yellow, not crystalline, and easil 
fusible. (Berzelius.) The aqueous solution is yellow when exposed to the 
air, aud passes into hyposulphite of potash without depositing sulphur. It 
contains either bisulphide of potassium or a mixture of hydrosulphate 
and hydrosulphite of potash. 


AKS? + 4HO = 3(KO, HS) + KO, HS>. 
Calculation. 


I 
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D. TERSULPHIDE oF PotassiumM.—1. Vapour of bisulphide of carbon is 
passed over carbonate of potash heated to redness, as long as a permanent 
gas is evolved.—2. A mixture of 276°8 parts (4 At.) of carbonate of potash 
and 160 parts (10 At.) of sulphur is gradually heated to redness. A mix- 
ture, which swells up from the escape of carbonic acid gas, is thus formed, 
containing 1 atom of sulphate of potash and 3 atoms of tersulphide of 
potassium. 

4(KO, CO?) + 10S = 3KS? + KO, SO? + 4CO*. 


With a smaller quantity of sulphur, the same mixture is formed, contami- 
nated however with the excess of. carbonate of potash, provided that the 
heat be raised by degrees merely to low redness, or till the mass is brought 
into a state of tranquil fusion; with a stronger heat, on the other hand, 
bisulphide of potassium is formed, with rapid escape of carbonic acid. 

‘Yellowish brown when solid—black when fused. (Berzelius.) The 
brownish yellow solution in water becomes colourless in the air, from 
formation of hyposulphite of potash and deposition of one atom of sul- 
phur. It contains either tersulphide of potassium or one atom of hydro- 
sulphate with one atom of hydrosulphite of potash. 


2KS3 + 2HO = KO, HS + KO, HS*. 


Calculation. 
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Berzelius, in passing hydrosulphuric acid gas over red-hot sulphate of 
potash as long as water was formed (sulphur at the same time being 
deposited from the gas), obtained a compound which was red and trans- 
parent when cold, fused readily and then became black; dissolved in water 
with a yellow colour, and contained 40°45 per cent. of potassium with 
59°55 of sulphur. Berzelius is inclined to regard this substance as a com- 
bination of 2 atoms of potassium with 7 atoms of sulphur, or as a 33-swlphide 
of potassium. 


_ H. Trrrasutparpe or Porasstum.—1. Sulphate of potash at a red- 
heat is decomposed by vapour of sulphide of carbon.—2. A mixture of 3 
atoms of pentasulphide of potassium and 1 atom of sulphate of potash is 
prepared by heating together 1 part of carbonate of potash with 2 parts 
of sulphur; the free sulphur is driven off; and hydrosulphuric acid gas 
passed through the fused mass as long as water and sulphur are set free. 
The hydrogen of the hydrosulphurice acid combines with the oxygen of 
the sulphuric: acid and of the potash, whilst its sulphur is deposited in 
another part of the tube; and there remains 15 + 1 = 16 atoms of sul- 
phur with 3+ 1= 4 atoms of potassium = 4: 1. 

_ Yellowish brown. (Berzelius.) The brownish yellow aqueous solution 
of this compound, when exposed to the air, deposits 2 atoms of sulphur 
and is converted into kyposulphite of potash. It may be supposed to 
contain 1 atom of hydrosulphate of potash and 3 atoms of hydrosulphite. 


4KS! + 4HO = KO, HS + 3(HO, HS’). 


Calculation. Berzelius. 
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If through a mixture of tetrasulphide of potassium and excess of sul- 
phur kept at a red-heat hydrosulphurie acid gas (or any other gas that 
does not cause oxidation) is passed, till sulphur ceases to be carried off by 
it, 2 atoms of potassium remain in combination with 9 atoms of sulphur. 
This compound is considered by Berzelius as a separate degree of sul- 
phuration, which may be called 43-sulphide of potassium. 


F, PENTASULPHIDE oF PorassiuM.—1l. Potassium or one of the sul- 
phides previously described is heated in a retort, with excess of sulphur, 
till the excess of sulphur is volatilized. When a mixture of potash and. 
excess of sulphur is fused at 105°, the result is simply monosulphide 
of potassium mixed with hyposulphite of potash; but at a higher tem- 
perature, the latter is decomposed into pentasulphide of potassium and 
sulphate of potash. — 

4(KO, $0?) = 3(KO, 80%) + KS’. 
(Fordos and Gélis, Ann. Chim. Phys. 8, 18, 86.)7—2. Four atoms 
(4 . 69:2 = 276°8 parts) of carbonate of potash are gradually heated to 
low redness, with at least 16 atoms (16 . 16 = 256 parts) of sulphur— 
é.g. equal parts of each—(Sch. 37.) 

4(KO, CO®) + 168 = 3KS5 + KO,SO* + 4C0?. 
The mass is very apt to swell up and pass out of the vessel; if the car- 
bonate of potash contains moisture, hydrosulphuric acid gas is evolved _ 
together with the carbonic acid. The excess of sulphur however great 1s 
volatilized; or if the heat be but moderate, it remains in the form of a 
separate stratum on the top of the mixture of 3 atoms of pentasulphide of 
potassium and 1 atom of sulphate of potash. When.carbonate of potash 
is heated with an equal quantity of sulphur, not beyond 250°, all the car- 
bonic acid is equally driven-.away, but the residue is a mixture of penta- 
sulphide of potassium and hyposulphite of potash. (Mitscherlich.) 
3KO + 12S = 2KS° + KO, $0? 

—3. Hydrate of potash is gently heated with excess of sulphur. A mix- ~ 
ture is thus formed of one atom of pentasulphide of potassium and one 
atom of hyposulphite of potash, which rises in part above the sulphide of 
potassium in the form of a white salt. | | 

3(KO, HO) + 12S = 2KS> + KO, S90? + 3HO, (Berzelius.) 
Dark yellowish brown, fusible, smelling of sulphuretted hydrogen, haying 
an alkaline bitter taste, and alkaline reaction. : :.. 


Calculation, 
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Pentasulphide of potassium gives up its excess of sulphur at a red- 
heat to silver (as well as many other metals; Berzelius), so that water 
dissolves out protosulphide of potassium, and leaves sulphide of silver 
behind. (Vauquelin, Ann. Chim. Phys. 6,25.) It burns, when heated in 
the air, producing sulphate of potash and sulphurous acid. When kept in 
badly closed vessels, it oxidizes gradually and forms a mixture of hyposul- 
phite of potash and sulphur. 

KS* + 30 = KO, $20? + 38. 
It dissolves very readily in water and alcohol, forming a yellowish brown 
solution; when it dissolves in water, cold is produced, according to 
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_H. Rose (Pogg. 55, 533); alcohol leaves undissolved the sulphate or 
hyposulphite of potash which is found mixed with the salt prepared 
according to the second and third methods.—The aqueous solution con- 
tains either pentasulphide of potassium, or hydrosulphite of potash. 
(KS’+ HO=KO, H$’). : 

A solution of the same nature is obtained in either of the following 
ways: 1. The aqueous solution of one of the preceding sulphides of 
potassium or of the double sulphide of hydrogen and potassium is 
digested with sulphur till saturated. When the double sulphide of 
hydrogen and potassium is thus treated, it gives up 1 atom of hydro- 
sulphuric acid— 2. A solution of potash is boiled with sulphur. In this 
case, hyposulphite of potash is formed at the same time (vid. the third 
formula given for the pentasulphide of potassium). Carbonate of potash 
when boiled for a longer time behaves like caustic potash (H. Rose, 
Pogg. 17, 327). The yellowish brown solution when exposed to the 
air deposits 3. atoms of sulphur and is converted into hyposulphite 
of potash. By the gradual addition of an acid, it is resolved into a 
salt of potash, hydrosulphuric acid, and 4 atoms of sulphur, which is 
precipitated in the form of milk of sulphur; if on the contrary it is gra- 
dually added to an excess of acid—hydrochloric acid for instance—it is 
converted into a salt of potash and persulphide of hydrogen. ‘The bisul- 
phide, tersulphide, and tetrasulphide of potassium behave in the same 
manner, except that when treated with excess of acid, they always yield 
hydrosulphuric acid together with the persulphide of hydrogen. Hydro- 
sulphuric acid passed through this solution precipitates 4 atoms of sulphur 
and produces bisulphide of potassium (Duflos, Schw. 62, 212); so that the 
affinities are reversed according to the temperature.—The solution gives 
up 4 atoms of sulphur to many of the heavy metals, and with peculiar 
rapidity to copper, and is thereby converted into a colourless solution of 
monosulphide of potassium. (Vauquelin.) When heated, it dissolves an 
additional quantity of sulphur; but this again separates on cooling. 

~ (Berzelius.) 

Liver of Sulphur, Hepar sulphuris salinum seu alealinum,—which 
is prepared by gently heating sulphur with carbonate of potash in 
closed vessels, ¢. g. in covered earthen or cast-iron crucibles,—but freest 
from impurity, in glass flasks,—consists of tersulphide, pentasulphide, and 
intermediate sulphides of potassium, according to the proportions em- 
ployed, mixed with sulphate and often at the same time with carbonate 
of potash. By taking 276-8 parts (4 At.) of carbonate of potash, and 
10.16=160 parts (10 At.) of sulphur, a mixture is obtained consisting 
of 1 atom of sulphate of potash and 8 atoms of tersulphide of potassium. 
When less sulphur is used and a lower heat applied, it likewise contains 
undecomposed carbonate of potash; if the heat be stronger, the tersul- 
phide changes to the bisulphide, and a larger quantity of carbonate of 
potash is decomposed. Lastly, if the amount of sulphur exceeds 10 atoms, 
the excess converts the bisulphide into tetrasulphide or pentasulphide 
of potassium. 4 atoms of carbonate of potash require 16 atoms of sulphur 
to form pentasulphide of potassium. Consequently, for, 276°8 parts of 
carbonate of potash, 160 parts of sulphur is the smallest quantity that 
can be used, and this produces tersulphide of potassium; 256 parts is the 
largest,—pentasulphide being produced; any excess of sulphur beyond 
this volatilizes without entering into combination. In the common pro- 
portion of 2 parts of carbonate of potash to 1 part of sulphur, the quan- 
tity of sulphur is therefore too small. ve 
D 2 
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G. Hyposunpaite of Porasu.—1l. By boiling ‘sulphite of potash 
with sulphur. In this way, trithionate of potash is also formed under cer- 
tain circumstances.—2. By exposing to the air the aqueous or alcoholic 
solution of the double sulphide of potassium and hydrogen or of bi- 
sulphide, tersulphide, tetrasulphide, or pentasulphide of potassium.— 
Kirchhoff boils 1 part of sulphur with 3 parts of carbonate of potash and 
adds 8 parts of lime, renewing the water; filters; neutralizes the potash 
in excess with sulphuric-acid (this would not be necessary if more sulphur 
were employed); and evaporates: the sulphate then crystallizes out first 
and afterwards the hyposulphite.—Berzelius puts the alcoholic solution of 
bisulphide or tersulphide of potassium into a bottle loosely stopped: the 
hyposulphite of potash then crystallizes out, and is freed from adhering 
sulphide by washing with alcohol.—3. Sulphurous acid gas is passed 
through solution of liver of sulphur, till the liquid becomes colourless; it 


is then filtered and evaporated.—7 4. By fusing equal parts of bichro-° 


mate of potash and sulphur, or 100 parts of: neutral chromate with 40 
parts of sulphur, a mixture of sulphate and hyposulphite of. potash is 
obtained together with insoluble sesquioxide of chromium. Dépping (Ann. 
Pharm. 44, 172, 1843) recommends the following process. A solution of 
monochromate of potash (one part of salt to 8 parts of water) is digested 
with monosulphide of potassium ina sand bath. Ata temperature just 
above the boiling point of the liquid, the chromate of potash is decom- 
posed, chromic oxide being separated, and hyposulphite of potash formed; 
the solution is filtered, boiled to precipitate any chromic oxide held in 
solution, and evaporated to the crystallizing point; the salt separates 
in colourless prismatic crystals. Or, a solution of chromate of potash is 
heated with a solution of liver of sulphur (prepared by fusing together 
equal parts of carbonate of potash and sulphur) in a sand bath, the liver 
of sulphur being added in small portions at a time till green sesquioxide of 
chromium ceases to be precipitated. The clear solution is then boiled, as 
in the former case, to separate any sesquioxide of chromium—filtered, and 
evaporated to the crystallizing point. A small quantity of sulphate of 
potash is deposited first; afterwards hyposulphite of potash crystallizes 


out of a yellow colour and in rhombic octohedrons; the mother-liquor 


decanted from this salt and again evaporated, deposits lighter-coloured 
crystals in the form of six-sided prisms with dihedral summits. When 
the concentration is carried too far, the liquid frequently solidifies:to a 
brilliant mass of needles, which differ however from the octohedral salt 
only in containing less water.—5. Kessler (Pogg. 74,274) prepares hypo- 
sulphite of potash by a modification of Dépping’s process, namely by 
adding a hot solution of bichromate of potash in small portions at a time 
to a hot solution of pentasulphide of potassium, waiting each time till the 
precipitated sesquioxide of chromium acquires a pure green colour. 


2KS° + 4(KO, 2CrO*) = 5(KO, $°07) + 4Cr°O® + KO. 


By evaporating the filtered solution at a temperature of 30°, thin four- 
sided prisms are obtained =38(KO,S°O*) + HO. On agitating the 
mother liquor of these crystals, a white crystalline powder separated, 
which again dissolved on applying heat and adding a small quantity of 
water. On cooling, however, large brilliant crystals were deposited be- 


longing to the right prismatic system. Permanent in the air. Probably 


composed of 3(KO,S8*0*) + 5HO. 4.—Transparent, inodorous, cooling 
and afterwards bitter to the taste. Crystallizes in four-sided prisms 
- (Kirchhoft). 
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Calculation. Rammelsberg. Dopping. 
P . Octohedral salt. Needles. 
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The crystals analysed by Rammelsberg were dried in vacuo. This 
salt loses at 200° (F. 392°) 3:1-per cent. of water; and if the heat is 
increased, it is converted, without any loss, into a cinnabar-red mixture of 
1 atom of pentasulphide of potassium and 3 atoms of sulphate of potash, 
(4K0,S*°O? = KS* + 3K0,S80%). But if the salt is not completely dehy- 
drated before the temperature is raised, a small quantity of sulphur is 
-given off, but no sulphurous acid. (Rammelsberg, Pogg. 56, 296.)— 
12°9 grammes of the salt yield on being heated: (a) a gas which has a 
most offensive odour, like that evolved from sewers, and blackens lead- 
salts; (b) 0:04 grammes of sublimed sulphur; (c) 2°8 grammes of a fused 
brownish mass which behaves like a mixture of sulphide of potassium 
and sulphate of potash. (Vauquelin.)—Hyposulphite of potash deli- 
quesces in the air. The concentrated solution forms a thin syrup. When 
the aqueous solution of the salt contains excess of potash, it is converted, 
on exposure to the air, first into sulphite and then into sulphate of 
potash. It dissolves certain heavy metallic oxides, as the oxides of 
arsenic, copper, silver and mercury. (Kirchhoff.) The salt is insoluble 
in alcohol. 


H.—%. Penraruionate or Potasu.—KO, §°0°—Known only in 
solution. Very unstable (vd. II., 164). 


I, TrtTratHionate oF Potasu.—KO,$‘'O°.—1. Prepared by the 
gradual addition of iodine to a concentrated solution of hyposulphite of 
potash till the reddish brown colour becomes permanent. The tetra- 
thionate of potash separates completely and is dissolved in hot water; the 
solution is then filtered from free sulphur, and mixed with alcohol till the 
precipitate at first formed slowly redissolves in the liquid. On cooling, 
the salt separates in large crystals. (Kessler, Pogg. 74, 249.)—2. When 
tetrathionic acid is added to a concentrated solution of acetate of potash, 
the salt separates in a pulverulent form, in which state it is more stable 
than when in large crystals. T 


K. Trirutonate or Porasn.—KO, S°0°.—Preparation. — (Vid. 
Il., 167.)— 2. By passing a current of sulphurous acid gas through a 
saturated solution of hyposulphite of potash dissolved in a ‘mixture of 
7 parts of water to 1 part of alcohol. The salt separates in a crystal- 
line pulverulent form; this powder is redissolved in water, heated to be- 
tween 50° and 60°, filtered from sulphur, and mixed with an eighth part 
of alcohol. On cooling, trithionate of potash is deposited in slender, four- 
sided, obliquely truncated prisms. (Plessy, J. fiir pract. Chem. 33, 348.) I. 
—Right rhombic prisms with dihedral summits resting on the acute 
lateral edges. (Prevostaye, V. Ann. Chim. Phys. 8, 354.) Of a saline 
bitter flavour, neutral to vegetable colours, unaltered in the air. 100 
parts of the salt heated to redness in a close vessel, evolve 11°88 parts of 
_ sulphur, and 23°76 parts of sulphurous acid, leaying 64°36 parts of sul- 
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_ phate of potash. Its solution when boiled, is resolved into sulphate and | 
sulphite of potash and free sulphur. (Pelouze.) = eae ane 
‘ KO,S80® = S + SO? + KO,80%, 
(Langlois, Ann. Pharm. 40, 102.) 


Calculation. 
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L. Sutpeurre oF Potasn.—a. Monosvutpuite. Stahl’s sulphur salt.— 
Sulphurous acid gas is passed through solution of carbonate of potash in a 
Woulfe’s apparatus, till the carbonic acid is expelled; the solution is then 
evaporated out of contact of air. The salt forms clear crystals which 
contain water, but only mechanically mixed, and, according to Bern- 
hardi (W..7'r. 9,2, 14), are identical in form with those cf the simple sul- 
phate of potash. The crystals, according to the above, are abruptly 
truncated, irregular, double six-sided pyramids, with a short prism often 
intervening (ig. 76), &c. It has a penetrating, acrid, and sulphurous — 
taste. 

@ According to Muspratt (Ann. Pharm. 50, 259, 1844), the salt 
crystallizes in oblique rhombic octohedrons, containing 2 atoms of water. T 


| Calculation. Thomson. | Muspratt. 
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Decrepitates when heated, losing, first water, then a little sulphurous 

acid, and then sulphur in small quantity, and leaves a reddish mixture of 

sulphate of potash and sulphide of potassium. (Vauquelin, Ann. Chim. 

Phys. 6, 19.) ; | 
4(KO, SO?) = 3(KO,S0%) + KS. 

It detonates with nitre. (Bergman, Opusc. 3, 384.) Becomes opaque 
in the air, and is converted into sulphate of potash, but more rapidly 
when in solution. In solution it reduces the oxides of mercury, silver, 
and gold, to the metallic state; the higher oxides of manganese, iron, and 
copper, to a lower degree of oxidation; and is itself converted into sul- 
phate of potash. The solution is decomposed by baryta or lime-water, 
which throws down from it sulphite of baryta or lime; likewise, bydouble 
affinity, by the phosphate, sulphate, hydrochlorate, or nitrate of ammonia 
or soda, as well as by soluble salts of baryta or lime. The salt dissolves 
in 1 part of cold, and ina smaller quantity of hot water. (Fourcroy & 
Vauquelin, Ann. Chim. 24, 254; also Crell, Ann. 1800, 2, 395.) 

_ 6. BisunpHire. % Prepared by supersaturating a rather strong solu- 
tion of carbonate of potash with sulphurous acid, and precipitating with 
absolute alcohol. A. white acicular mass of crystals is obtained which 
must be collected on a filter and washed with absolute alcohol. The salt 
has an unpleasant, sulphurous taste, is neutral to test paper, and slowly 
evolyes sulphurous acid in the air. By leaving the supersaturated solu- 
tion in a close vessel for some weeks, the salt is obtained in beautiful 
rhombic prisms. Its formula is KO, 250’, HO. ph 3 
_ The salt may be obtained in the anhydrous state by passing sulphur- — 
ous acid gas into a hot saturated solution of carbonate of potash till 
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effervescence ceases. The solution acquires a green colour, and deposits 
the compound in hard granular crystals, which must be collected on 
a filter, washed with a small quantity of alcohol, and dried between 
blotting-paper. This salt dissolves but slowly in water and alcohol, and 
is quite insoluble in ether. Has a saline and not unpleasant taste; does not 
evolve sulphurous acid in the air. When it is heated in a tube, sulphur 
sublimes and large quantities of sulphurous acid are evolved, sulphate of 
potash being left behind. 


2(KO, 2802) =. SO? + § + 2(KO, SO*). 


(Muspratt, Ann. Pharm. 50, 259.)  Crystallizes more easily than the 
neutral sulphite; gives off one-half its acid when boiled with sulphur and 
water. (Berzelius, Lehrb. 3, 81.) 

M. Hyposutpuate or Porasn.—Hyposulphate of lime is precipi- 
tated at a boiling heat by carbonate of potash, or hyposulphate of baryta 
by sulphate of potash, at common temperatures, or hyposulphate of man- 
ganese by potash, always in equivalent proportions; the solution is filtered 
and evaporated. The crystals are transparent and belong to the right 
prismatic system (ig. 77), without the ¢ surface and the surface situ- 
ated above it, having on the contrary the p surface; wi: wu = 119° 54; 
p:a= 126° 39’. (It has the crystalline form of sulphate of potash; 


_ Walchner, Schw. 44, 245.) The crystals have a pure bitter taste, and are 


unacted on in the air; decrepitate strongly with heat; and leave 72°49 
per cent. of sulphate of potash. They dissolve in 16°5 parts of water at 
16° (60°8° F.), in 1°58 parts of boiling water, but not in alcohol. (Heeren, 
foggy. 7, 72.) 


Crystallized. Heeren. 
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N. SutpHate oF Potrasn.—a. MonosutpHate.—Vitriolized tartar, 
Tartarus vitriolatus, Arcanum duplicatum, Sal polychrestum Glaseri, Sal 
de duobus, Specificum purgans Paracelsi, Panacea holsatica, Panacea du- 
plicata, Nitrum vitriolatum, Spiritus vitriol coagulabilis.—Hydrate of 
potash sprinkled with oil of vitriol emits light in the dark (Heinrich); it 
also absorbs the vapour of anhydrous sulphuric acid at ordinary tempera- 
tures. (H. Rose.)—The salt is obtained as a by-product in the preparation 


_ of nitrie acid and English oil of vitriol, and in the purification of crude pot- 


ash. Crystals clear, hard, and generally small. Specific gravity = 2°6232 
(Karsten), = 2:636 (Watson), = 2:662 (Kopp). Crystalline system, the 
right prismatic (Mig. 76 & 77). ws w= 78° 282'; wim = 126° 441; 
st = 143° 152); w sm 112° 2930 2m = 14611; wt = 128" 49’; 
psy = 150° 12'; ¥:m = 119° 48; ys y below'= 120° 24; pia= 
136° 14; a: u= 183° 451’, (Mitscherlich, Pogg. 18, 169; see also the 
differmg statements of Brooke, Ann. Phil. 28,20; W. Phillips, Ann. Phil. 
20, 342; and Bernhardi, V. 7. 9, 2, 14.) Decrepitates in the fire, and 
fuses at a red heat; crystallizes as it becomes solid. Not volatile; tastes 
feebly saline and bitter. , 


Crystallized. Wenzel. Kirwan. Dalton. Berard. Curaudau. "Boopde i 
KO........ 47°2 54°13 54°75 55 55°S. S724 57°71 63°6 
BO". tc... 40°0 45°87 45°25 45 44°7 42°76 42°29 864 


KO,SO? 87:2 100°00 100-00 100 100-0 100°00 100:00 100-0 
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Bucholz Thomson. 
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Heated to redness with 1 its weight of charcoal, it is changed into 
protosulphide of potassium. Mostof the stronger acids separate half of its 
potash, and leave bisulphate of potash (I., 126, and Sch. 88). 2 atoms of 
sulphate of potash dissolved in 1 atom of moderately warm hydrochloric 
acid, yield, on cooling, tabular crystals of bisulphate of potash and cubes 
of chlorine of potassium; from bisulphate of potash, on the contrary, hydro- 
chloric acid cannot abstract potash, (Kane, Ann. Pharm. 19, 1.) The 
powdered salt absorbs the vapour of anhydrous sulphuric acid very slowly 
and .gives it off entirely on being warmed. (H. Rose, Pogg. 38, 122.)— 
100 parts of water at 0° dissolve, with slight lowering of temperature, 
8°36 parts of the salt, and for every degree above 0°, 0°1741 parts. 
(Gay-Lussac.) A solution saturated at 8° has a specific gravity of 1:072. 
(Anthon, Repert. 59, 346)—1 part of sulphate of potash dissolves in 9°3 
parts of water at 18°75°, and the solution has a specific gravity = 1:0798. 
(Karsten.) In solution of potash of 1°35 specific gravity, it is quite in- 
soluble. (Liebig, Ann. Pharm. 11, 262; also Brandes & Firnhaber, Berl. 
Jahrb. 24, 2,68; and Brandes & Gruner, Br. Arch. 22, 147.) 


6. SEsQuI-suULPHATE.—Crystallizes from a solution of the normal sul- 
phate in dilute sulphuric acid, together with bisulphate of potash, and in 
the form of asbestos-like threads. (R. Phillips, Phil. Mag. Ann. 1, 429; 


also Kastn. Arch. 18, 198.) Jacquelain succeeded but once in obtaining 
this salt. ous 


Crystallized. Phillips. 
7 8 ROE EL TE eae A PPT ooh ey 944s Aha AD 2G ee 42°80 
DORIS aii hese. GRTEAS Fc ncesnt0teta nd LBD couccek 53°71 adie 52°45 
Fp airs tie ex catee Me nase BN ses 28 9-0 gaan 4°03 [ou 4°75 
2(KO, SO?) + HO, SO® ........ 223°4: «82510000! 5. eR aU 


c. BIsuLPHATE.—I. 87:2 parts (1 At.) of sulphate of potash are 
melted together with 49 parts (1 At.) of oil of vitriol—2. A hot solu- 
tion of 1 atom of sulphate of potash in a mixture of J..:.1 atom of vitriol 
and water, yields crystals of the normal salt immediately on cooling; the 
mother-liquor drawn off and evaporated, afterwards yields needles of the 
anhydrous bi-acid salt. These may also be obtained by evaporating a 
solution of 1 atom of sulphate of potash in 14....2 atoms of sulphuric 
acid; but the mass of salt obtained by evaporation in the latter case, 
liquefies in the course of 5 days, and yields rhombohedrons of the hy- 
drated bi-acid salt; with 3 atoms of sulphuric acid to one of sulphate 
of potash, this change occurs sooner; and with 5 atoms, even in one hour. 
Both the anhydrous and the hydrated salt can be formed as well at. com- 
mgn temperatures as at 40°; the former especially when the sulphuric 

acid is present in small quantity, and the latter when it is in excess. . 
_ From a solution of 1 atom of sulphate of potash and 1 atom of oil of 
vitriol in hot hydrated hydrochloric, nitric, tartaric, or acetic acid, only 
the hydrated rhombohedral salt crystallizes out, so that these acids act in 
the same manner as an excess of sulphuric acid. (Jacquelain.) When the 
residue left after the preparation of nitric acid from 1 atom of nitre and 
2 atoms of sulphuric acid is dissolyed in hot water and cooled, sulphate of 
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BISULPHATE OF POTASH. “ 4] 
potash first separates in crystals, which have a sour taste, but only in con- | 


sequence of the solution still adhering to them; and the mother-liquor, on 
being afterwards placed in a cool situation, yields needles, and at last short 


thick prisms of the hydrated biacid salt, whilst a large portion solidifies in 


a dendritic mass of minute crystals. (Geiger.)—The anhydrous salt crys- 
tallizes in fine needles, having a specific gravity of 2°277, and melting 
at 210° (410°. F.). Dissolved only in the exact quantity of hot water 
necessary, it crystallizes unaltered on cooling; but when this mass is ex- 

osed to the air for 4 weeks, the hydrated salt separates from it in a mass 
of small needles. (Jacquelain.) : 

The hydrated salt crystallizes partly («) in rhombohedrons, having a 
specific gravity of 2°163, and fusing at 197° (386°6 F’.), partly (6) on sepa- 
rating from the anhydrous salt, in shining silky threads, produced from the 
union of the rhomboids. (Jacquelain.)—The hydrated salt which sepa- 
rates in larger crystals from the aqueous solution is isomorphous with the 
oblique prismatic sulphur; but on cooling after fusion, crystals are pro- 
duced identical with those of felspar; the salt is consequently dimorphous. 
(Mitscherlich.) It sometimes crystallizes in transparent, thick, oblique, 
rhomboidal prisms, «, with numerous truncations; sometimes in four or 
six-sided needles, 8. (Geiger.)—Beudant (Ann. Chim. Phys. 4, 72) ob- 
tained from a solution of sulphate of potash in oil of vitriol, irregular te- 
trahedrons; from a solution in weaker acid, rhombohedrons; and in acid 
still more diluted, rhombohedrons with P-faces and other faces like- 
wise. Phillips obtained right rhombic prisms and rhombic octohedrons.— 
The hydrated crystals retain their transparency at 149° (300°2° F.), and 
first begin to melt at 315:5° (600° F.), when they merely lose a “trace of 
mechanically combined water. (Graham.) They fuse at 200° (392° F.). 
(Mitscherlich.) The fused salt appears ds a pellucid oil, and solidifies on 
cooling to a white transparent hard mass. It tastes very sour, and red- 
dens litmus strongly. 


Anhydrous. Jacquelain. 
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The hydrated salt is considered. by Graham and others as a double 
salt, water being one of the bases; thus, KO,SO*? + HO,SO* The hy- 
drated salt is not decomposed below a red heat; according to Gay-Lussac, 
it gives off when heated to redness, first oil of vitriol, then sulphurous 
acid and oxygen gas, and.is converted into the normal salt. Anhydrous 
sulphate of magnesia or sulphate of zinc expels oil of vitriol from the 
salt when in a state of fusion, and unites in its stead with the simple sul- 
phate of potash to form a double salt. KO,S0?+ HO, SO? with MgO,S0°; 
yields KO,SO* + MgO, S0O?, and HO,SO*. (Graham.) Fused common 
salt mixed with the hydrated salt in the fused state, immediately evolves 
hydrochloric acid. (Mitscherlich.) 

Bisulphate of potash dissolves in about half its weight of boiling 


_ water; the solution solidifies to a mass of needles on cooling. From a 
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solution in a larger quantity of hot water a considerable quantity of simple 
sulphate crystallizes out on cooling, leaving free acid in the solution, and 
this in proportion to the amount of water employed (up to a certain limit). 
(Geiger.) When much water is present, the addition of even a large 
quantity of sulphuric acid cannot prevent the simple sulphate from crys- 
tallizing out. (Graham.) When the water is in large excess, its affinity 
for the sulphuric acid overcomes that of the sulphate of potash for the 
latter.’ Cold water extracts from the salt a large quantity of sulphuric 
acid and but little potash, leaving simple sulphate of potash; the prismatic 
crystals are therefore deprived of their transparency by cold water. 
Boiling alcohol also extracts from the crystals scarcely anything but sul- 
phuric acid, and leaves them cloudy and less acid to the taste. (Geiger; 
also Link, Crell. Ann. 1796, 1, 26; Berthollet, Stat. Chim. 1, 356; 
Geiger, Mag. Pharm. 9, 251; R. Phillips, Phil. Mag. Ann. 1, 429, and 
Kastn. Arch. 18, 198; Mitscherlich, Pogg. 18, 152....173; Graham, Pil. 
Mag. J. 6,831; Jacquelain, Ann. Chim. Phys. 70, 311.) 

According to Jacquelain, there exist crystalline compounds of simple 
sulphate of potash with hydrated phosphoric and nitric acids. If simple 
sulphate of potash is dissolved in excess of warm syrupy phosphoric acid, 
oblique six-sided prisms are obtained on cooling, having a specific gravity 
= 2:296, melting at 240° (464° F.), and containing 63°6 per cent. of sul- 
phate of potash, 26°35 of phosphoric acid, and 10°5 of water = 2(KO, SO*) 
+ 3HO,PO®. A solution of sulphate of potash in warm nitric acid 
yields, first a few crystals of hydrated bisulphate of potash and nitre— 
then oblique prisms, of specific gravity 2°381, which fuse at 150° (302° F.), 
- and consist of 89°32 per cent. of potash, 33°29 of sulphuric acid, and 27°47 
of the first hydrate of nitric acid = 2(KO,S0*) + HO,NO®. When 
dissolved, on the contrary, in hydrochloric or tartaric acid, it yields hy- 
drated bisulphate of potash on the one hand, and chloride of potassium or 
cream of tartar on the other. 

The above two compounds, however, may likewise be regarded as 
combinations of hydrated bisulphate of potash with phosphate or nitrate 
of potash : 

2(KO,S80*) + 3HO,PO> = KO, HO, 2803 + KO, 2HO, PO’; 
and: 2(KO,S0O*) + HO,NO® = KO, HO, 280% + KO,NO®*. . 


O. DovusLEe SuLPHIDE oF CaRBoN AND Porasstum.—In the state of 
solution it may also be considered as hydrosulphuretted carbonate of 
potash.—1. Formed by dissolving sulphide of carbon in a solution of proto- 
sulphide of potassium, or of potash ; in the latter case, slowly, and with pro- 
duction of carbonate of potash at the same time.—To a solution of proto- 
sulphide of potassium in a small quantity of alcohol, sulphide of carbon is 
added as long as it dissolves, the lower syrupy stratum which separates on 
standing, is separated from the two upper ones (the middle stratum being 
the excess of sulphide of carbon—and the upper one, alcohol holding in 
solution higher sulphides of potassium and sulphide of carbon), and eva- 
porated at 30° (86° F.).—2. An aqueous solution of protosulphide of 
potassium is digested to saturation with excess of sulphide of carbon, at 
30° (86° F.), in a closed vessel quite filled with the mixture, and then 
evaporated at the same temperature.—In both cases, a yellow, highly deli- 
quescent salt crystallizes from the concentrated solution, having a cooling, 
peppery, and afterwards hepatic taste ; it loses its water of crystallization 
at a temperature between 60° and 80° (140° and 176° F.), and is converted 
into anhydrous double sulphide of carbon and potassium. This substance 


| 
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is reddish brown, and when heated apart from the air, changes without any 
separation of liquid matter, to a blackish-brown mixture of tersulphide of 
potassium and charcoal. 

KS, CS? = KS? + C. 


It readily dissolves in water, but is very sparingly soluble in alcohol, 
forming a brown solution. (Berzelius, Pogg. 6, 450.) 


P. SuLPHOPHOSPHIDE oF Potasstum.—Dry spontaneously inflam- 
mable phosphuretted hydrogen gas is passed for 7 hours over gently heated 
34-sulphide of potassium (p. 33). Hydrosulphuric acid gas is evolved, 
and a white mass obtained, having a hepatic taste. 


4K,14S + PH? = 4KS?, PS? + 3HS. 


Calculation. H. Rose. 
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In the determination of the sulphur by oxidation with nitric acid, 
Rose sustained a loss, owing to the escape of sulphuretted hydrogen. 

The mass deliquesces in the air and dissolves completely in water, 
giving out the odour of hydrosulphuric acid ; if hot water is used, the gas 
escapes in bubbles, and phosphoric acid is produced at the same time. 
The solution mixed with hydrochloric acid, evolves hydrosulphuric acid 
gas and deposits sulphur. After this, it probably contains one atom of 
triphosphate of potash, one atom of tersulphide of potassium, and 8 
atoms of hydrosulphuric acid. 


4KS? + PS? + 8HO = 3KO, PO® + KS? + 8HS. (H. Rose.) 


b. When sulphide of hydrogen and potassium is treated in the same 
manner with phosphuretted hydrogen gas, it is converted, with evolution 
of sulphuretted hydrogen, (which escapes with great frothing) into a 
semi-fluid mass, which, on cooling, acquires a very faint yellowish red 
tinge, contains more potassium and phosphorus than the preceding, and 
absorbs moisture from the air with avidity. (H. Rose, Pogg. 24, 313.) 


PotTASSIUM AND SELENIUM. 


A. SELENIDE oF Porasstum.—l. Formed by direct combination of 
selenium with potassium. The combination is attended with inflammation, 
by which a portion of the selenide becomes sublimed; and when there is 
an excess of potassium present, with a kind of explosion.—2. By igniting 
selenite or seleniate of potash, with hydrogen gas or charcoal._—3. By 
fusing selenium with hydrate of potash, by which a mixture is formed of 
2 atoms of selenide of potassium and 1 atom of selenite of potash. 


’ 3KO + 1Se + xSe = 2KSe* + KO, SeO?; 


The amount of selenium with which the potassium combines, is not here 
inquired into).—4. By heating selenium with carbonate of potash, whereby 
the carbonic acid is expelled, and the same effects produced as in the 
third method. The selenide of potassium obtained by the first method, is 
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a fused steel-grey mass, having a crystalline fracture, and a taste and 
smell like liver of sulphur. That prepared by the second method is 
dark brown on the surface, but cinnabar-red within. That prepared by 
the third method is black in the mass, but brown when _ pulverised; 
spongy, infusible at a red-heat, and richer in selenium than the preceding. 
The selenide of potassium which contains selenium in excess, swells up 
when hydrochloric acid is poured over it, evolves seleniuretted hydrogen, 
and deposits red flakes of selenium. , 
Selenide of potassium becomes moist in the air. When it contains 
excess of potassium, it dissolves in water with evolution of hydrogen gas, 
and produces a pale red solution (probably colourless, however, when the 
presence of oxygen is entirely,prevented), in which hydrated protoselenide 
of potassium or hydroscieniate of potash, must be supposed to exist.—The 
selenide richer in selenium, obtained by the first and third methods, yields, 
with water, a dark reddish brown solution, from which acids liberate 
seleniuretted hydrogen and precipitate selenium. In the solution, “a 
hydrated perselenide of potassium, or hydroselenite of potash must be sup- 
posed to exist. A similar solution, though likewise containing selenite of 
potash, is formed by boiling selenium for a long time in solution of potash. 
The selenide of potassium still richer in selenium, obtained by the fourth 
method, forms with a small quantity of water, a dark brown solution, from 
which, on the addition of more water, the greater part of the selenium is 
thrown down, (unless undecomposed carbonate of potash is present, which 
prevents the precipitation), and the same reddish brown liquid remains 
as in the former case. All the solutions of selenide of potassium have a 
hepatic taste, and when exposed to the air, deposit selenium in the form of 


a red powder. 


KS + O = KO + Set; or, KO,HSet + O = KO + Set + HO. (Berzelius.) 


B. SELENITE oF Potasu.—a. Monoselenite.—Obtained by saturating 
carbonate of potash with selenious acid. On evaporating the solution, but 


not by cooling, it separates in crystalline grains. Fuses, when heated, to 


a yellow mass, which again becomes white on cooling. Attracts moisture 
from the air; soluble in nearly all proportions in water, but notin alcohol. . 


_ Has a disagreeable taste, and strong alkaline action on test paper. 


i b. Biselenite.—Crystallizes with difficulty on cooling, from a solution 


if evaporated to the consistence of syrup, or from a slightly acid solution 


_ by evaporation over oil of vitriol, in feathery (satiny-looking; Muspratt) 


erystals, which unite at last to a compact mass.—Slowly parts with the 
half of its acid when ignited.—Deliquescent, but slightly soluble in 
alchol. Analogous to bisulphite of potash. 


& Quadroselenite.—Not crystallizable, highly deliquescent. (Berze- 


lius.) 
ane Selenite. Muspratt. Bi-selenite. Muspratt. 
sid iA bet RN A7'2 .... 45°74 .... 45°02 1 er aa 47°22 29:65 pe 28505 
mete, oltial 56% Lis. 4 20Rew 25eO? jac 112:0. .& (70s ae 
KO, SeO? 103°2 ....100°00 KO,2SeO? 159°2 ....100°00 
Quadroselenite. 
EO ated tecuiars BF ete AG AE 
ASE, atures Bee Mike Oe ao 


KO, 4Se0? .... 271:2 .... 100-00 


IODIDE OF POTASSIUM. | 45 


C. Sevenrate oF Potasu.—a. Monoseleniate.—1. When selenious 
acid is fused with nitre, and the mass dissolved in water and evaporated, 
nitre crystallizes out first, and then seleniate of potash.—2. A mixture of 
native selenide of lead with an equal quantity of nitre, is thrown into a 
red-hot crucible, dissolved in hot water, filtered, and left to crystallize. 
The salt which crystallizes out after the nitre, is adulterated with more or 
less of sulphate of potash. ‘The seleniate of potash has the exact form 
and optical properties of the sulphate of potash. (fig. 76 and 77), n: n 
= 112° 482/; y : y, below = 120° 25’—It detonates on burning char- 
coal like nitre, and dissolves almost as readily in cold as in hot water. 
Mitscherlich, Pogg. 9, 623.) 


Crystallized. Mitscherlich. 
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PoTASSIUM AND IODINE. 


A. Iopipr oF PorasstumM.—Potassium unites both with solid iodine 
(under slight pressure even in the cold) and also with its vapor, evolving 
heat, and burning with a violet flame. Iodine and potassium heated 
together in very small quantities unite, the combination often being 
attended with a powerful explosion, and breaking the glass-tube. 
(Sementini, Schw. 41, 164, Gmelin.)—Vapour of iodine separates oxygen 
from potash at a red heat, producing iodide of potassium. 


Preparation.—1. Antimonide of potassium free from arsenic, prepared 
by fusing crystallized tartar-emetic previously roasted, is thrown in 
powder into a solution of one part of iodine dissolved in 12 parts of alcohol, 
till the colour disappears ; the liquid is then filtered and evaporated till 
crystallization commences. The antimony remaining on the filter in 
powder, may be again converted into antimonide of potassium by fusing 
with cream of tartar, and so made use of many times. (Serullas, dnn., 
Chim. Phys. 20, 168.) 

2. Pure potash or the carbonate, is saturated with hydriodic acid in 
solution (prepared according to method 2, IJ., 262), and evaporated. (Le 
Royer & Dumas, Gilb. 68, 241.)—Strating (epert. 15, 288) dissolves 
10 parts of iodine in 160 parts of alcohol; passes sulphuretted hydrogen 
through the solution till the colour disappears; then filters; distils off the 
greater part of the alcohol; dilutes the remainder with 132 parts of water, 
distils the rest of the alcohol away; saturates the solution of hydriodic 
acid with 11 parts of carbonate of potash; and evaporates till crystalliza- 
tion commences. | 

3. A solution of iodide of zine, or hydriodate of oxide of zinc, is pre- 
pared by mixing zinc, iodine, and water,—precipitated by the exact 
amount of carbonate of potash required,—filtered, and evaporated. (Le 
Royer & Dumas.)—Girault gradually pours the cold filtered solution of 
iodide of zine into a boiling solution of carbonate of potash till it no 
longer causes effervescence—adds cold water to the mixture—filters and 
exhausts the residue twice with cold water, (which retains only a trace 
of iodine in the form of oxyiodide of zine, separable by a red heat)— 


precipitates the zinc still remaining in solution, by the cautious addition 


cs 
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of more carbonate of potash—then filters and evaporates. According 
to E. Hermann and Fr. Wendt, also, the precipitated carbonate of zinc 
obstinately retains a portion of iodine. (Aepert. 44, 117, and 122.) 

4. A solution of protiodide of iron or hydriodate of protoxide of iron 
is prepared from 2 parts of iodine, 1 part of iron-filings, and 10 parts of 
water, and filtered as soon as it becomes colourless; the protoxide of iron 
is precipitated by caustic potash or carbonate of potash, added in equi- 
valent proportion, at a boiling heat, and the liquid filtered and evapo- 
rated. (Baup. J. Pharm. 9, 37, and 122; also WV. 7r. 8, 2, 176; also 
Repert. 18, 237; 14, 409; Caillot, J. Pharm. 8, 473.) Schindler (dag. 
Pharm. 28, 100) gradually adds 4 parts of iodine to 1 part of iron filings 
diffused through 20 parts of water, to prevent any iodine from vola- 
tilizing by the heat produced,—decomposes the solution with potash as 
soon as it becomes colourless (before any basic hydriodate of peroxide 
of iron is precipitated, which can be decomposed only by excess of 
potash), and washes the precipitate of hydrated protoxide of iron in a 
bottle broken off at the bottom, and tied round with paper and linen, 
continuing the washing uninterruptedly. The solution of iodide of iron 
may likewise be prepared in a cast-iron vessel. It may also be precipi- 
tated with a slight excess of potash, and exposed to the air, till the 
hydrated protoxide changes into the hydrated peroxide, which can be 
more readily washed [but probably retains iodine]. (N. HE. Henry, J. 
Pharm. 13, 406.) Perhaps the best method would be to precipitate the 
iodide of iron by caustic potash at a boiling heat.) 

5. An intimate mixture of 2 parts of powdered antimony and 5 parts 
of iodine is heated very gently in a glass flask, whereupon a sudden union 
takes place. The flask is broken after cooling, and the iodide of antimony 
thrown in powder into hot water, which extracts 2 of the iodine in the 
form of pure hydriodic acid. The liquid is then decanted; the remaining 
oxyiodide of antimony digested with excess of carbonate of potash, which 
withdraws all the iodine; the solution filtered; and the alkaline filtrate 
neutralized with the hydriodic acid previously obtained. (Serullas, J. 
Pharm. 14, 19, and 25.) 

6. A mixture of 2 parts of iodine, 1 part of hydrate of potash, and 6 
parts of water is evaporated to dryness, and the mass heated in a retort as 
long as oxygen gas is given off. The iodine is then dissolved in water; the 
potash still remaining free, saturated with an aqueous solution of hydri- 
odic acid; and the solution evaporated to a small bulk. (Le Royer’ & 
Dumas.) By dissolving iodine in solution of potash, iodide of potassium 
and iodate of potash are formed; at a red heat, the latter evolves oxygen 
gas, and is converted into iodide of potassium. The potash must be as 
free as possible from carbonate ; for this salt passes into the state of bicar- 
bonate of potash, which does not combine with the iodine, and remains 
as simple carbonate in the mass after it has been heated to redness. Since 
carbonic acid is reabsorbed during the evaporation of the caustic liquid in 
the preparation of hydrate of potash, good caustic solution is preferable to 
the solid hydrate. Into this solution, either cold or gently warmed, iodine is 
introduced till the liquid begins to acquire a brown tint; a larger quantity of 
iodine would be again driven off by subsequent heating. (Schindler, Mag. 
Pharm. 28, 100; 25, 55; Reimann, Mag. Pharm. 23, 89.) The heat is 
applied in glass retorts or flasks, or in covered porcelain or cast iron ves- 
sels, which are at most but half filled. Loss may be sustained through 
the splashing of the mass; and that which has fallen on the colder sides of 
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the vessel may contain iodate of potash undecomposed. The heat should 
be gentle but long continued; if, however, it be too low, iodate of potash 
remains undecomposed; and if too powerful, iodide of potassium volati- 
lizes, especially when the operation is conducted in open vessels. Part 
of the iodine may also be expelled by heat from the iodate of potash. 
Hence the method discovered and recommended by Orfila, and approved. 
of by Girault (J. Pharm. 27, 393), namely, to heat the dried mass, after 
mixing it with charcoal-powder, appears to be the most advantageous, 
By this means carbonic acid only is set free without any iodine, and the 
decomposition of the iodate of potash takes place at a much lower tem- 
perature and more rapidly. The heated mass is exhausted by water or 
alcohol (which leaves behind the greater part of the carbonate of potash 
nearly always present), and then purified by crystallization. 

7. Iodine is dissolved in a warm solution of potash till a brownish 
colour is produced, and reddened litmus paper is no longer turned blue by 
it. Water is then added, and sulphuretted hydrogen passed through till the 
whole of the iodate is converted into iodide, and the liquid smells perma- 
nently of sulphuretted hydrogen. It is then filtered and boiled to expel 
the gas; potash added if the solution contains free hydriodic acid,—or 
solution of hydriodic acid if the potash is in excess,—and the liquid then 
evaporated. (Turner, Hdinb. Med. J. Nr. 84, 20.) . The sulphur precipi- 
tated in this process contains iodine; the iodide obtained is yellow even 
after fusion, and appears to contain sulphide as well as iodide of potassium. 
(Schindler.) 

8. An alcoholic solution of iodine (or iodine diffused in water) is 
digested with an aqueous or alcoholic solution of sulphide of potassium, 
till the former is rendered colourless: the liquid is then filtered and eva- 
porated. (Taddei, J. Pharm. 10, 179.) 


KS* + I = KI + S&; or, KO,HS* + I = KO,HI + S& 


Taddei dissolves the iodine in alcohol of 20°—25° Bm., and adds thereto 
an aqueous solution of protosulphide of potassium. But the iodide of 
potassium thus obtained has a brown colour, arising from the use of 
alcohol. It is better, therefore, to diffuse 1 part of iodine in 6 parts of 
water, and add an aqueous solution of protosulphide of potassium, stirring 
constantly till the liquid becomes clear and colourless. If too much 
sulphide is used, the liquid becomes cloudy, and a little iodine must then 
be added. (Fran. J. Pharm. 11, 403.) Duflos (Berl. Jahrb. 28, 2, 211) 
proceeds in a similar manner, by heating 4 parts of sulphate of potash in 
an earthen crucible, till gentle fusion takes place; dissolving the sulphide 
of potassium thus obtained in 3 times its weight of water, access of air 
being prevented; adding iodine to the solution, till a filtered specimen 
appears colourless; filtering, and leaving the solution to crystallize; evapo- 
rating the mother-liquor, and igniting the residue; and afterwards digest- 
ing it in water to obtain more crystals. Even when the use of alcohol is 
avoided, sulphur is still found mixed with the iodide of potassium; the 
mass turns grey when heated, and evolves sulphuretted hydrogen—a black 
substance remaining mixed with it, which seems to be carbon containing 
sulphur. The sulphide of potassium, also, obtained by heating sulphate of 
potash with charcoal, may contain caustic potash and carbonate of 
potash, and thereby give rise to the admixture of iodate and carbonate of 
potash, (Schindler.) Brandes and Schrader (Br. Arch. 16, 103) make 
use of an alcoholic solution of ordinary liver of sulphur. 
9. Sulphide of barium in solution is conyerted into iodide of barium 


oe 
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by means of iodine, and the filtrate precipitated by a suitable salt of 
potash. Liebig (WV. 7'r.18, 2, 259) heats to redness 6 parts of heavy spar 
with one part of lamp-black, dissolves the sulphide of barium in water, 
_adds iodine as long as it is dissolved, filters from the sulphur, precipitates 
the colourless fluid with carbonate of potash, filters again, and evaporates. 
Wittstock (Pogy. 55, 428) uses sulphate of potash. The sulphide of 
barium must be treated with water in sufficient quantity to dissolve the 
whole immediately, or else a portion of baryta will remain undissolyed; and 
the liquid, which contains bisulphide of barium, yields with iodine more 
hydriodic acid than is necessary for saturating the baryta, so that an acid 
liquid is formed. (H. Rose.) ‘This is prejudicial when sulphate, but not 
when carbonate of potash is made use of in precipitating the solution. 

The carbonate of potash present in most of the specimens of iodide of 
_ potassium prepared by these methods may be removed either by neutra- 
lizing with solution of hydriodic acid, or by dissolving the iodide in 
alcohol. 

The second, fourth, and sixth methods (if in the last, the residue is 
heated to redness with charcoal) are the best. 

Impurities in Lodide of Potassium.—Carbonate of potash causes it to 
have an alkaline reaction, and a greater tendency to deliquesce, and gives - 
rise to effervescence on the addition of acids; left undissolved on treating 
the iodide with strong alcohol.—Jodate of potash: the solution turns brown 
on the addition of hydrochloric or tartaric acid, from separation of iodine 
or formation of hydriodite of potash.—Chloride of potassium or sodium: 
From the precipitate which the solution gives with nitrate of silver, the 
chloride of silver is dissolved by excess of ammonia, and again thrown 
down from the filtrate by pure nitric acid. | Ved. Robiquet’s more detailed 
method: J. Pharm. 8, 140.| Sulphate of potash; Precipitated by salts of 
baryta; left undissolved by alcohol. Organic matter containing sulphur : 
probably xanthonate of potash; becomes mixed with the iodide of potas- 
sium when alcohol, together with sulphuretted hydrogen or a metallic sul- 
phide is used in the preparation Iodide of potassium of this kind has a 
nauseous taste, like that of asafcetida, turns greyish brown on being heated, 
and evolves sulphurous acid; the residue treated with water, leaves char- 
coal containing sulphur, and sulphate of potash is found in the solution, 
together with the iodide. (Schindler.) Sulphide of potassium: Evolves 
hydrosulphuric acid on the addition of sulphuric acid. (Marchand, Ann. 
Pharm. 66, 237.) 

Iodide of potassium should dissolve entirely at ordinary temperatures, 
in 2 of its weight of water, or 6 parts of alcohol of specific gravity 0°85. 
(Baup.) One atom (165-2 parts) of iodide of potassium completely pre- 
cipitates one atom (136°8 parts) of chloride of mercury from an aqueous 
solution : 

KI + HgCl = KCl + Hel; | 
but the insoluble iodide of mercury again dissolves completely in one atom 
of iodide of potassium, 
OKI + HeCl = KCl + KI, Hel. 


2 atoms (3380°4 parts) of the iodide of potassium to be tested, and one 
atom of corrosive sublimate must therefore be dissolved in two equal 
quantities of water. To one measure of the solution of iodide of potassium, 
the solution of corrosive sublimate is then to be added, till a permanent 
precipitate begins to appear; if one measure of the latter solution is 
required for this purpose, the iodide of potassium is quite pure; but if a 
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permanent precipitate remains when only half a measure of the corrosive 
sublimate has been added, the iodide of potassium is adulterated one-half 
with foreign substances, &c. &c. (Maroseau, J. Pharm. 18, 802.) Todide 
of potassium separates from an aqueous solution in white crystals, some- 
times transparent, sometimes semi-opaque, and having the form of cubes, 
elongated cubes, pyramids, or octohedrons. Kane (Phil. Mag. J.16, 222) 
obtained crystals which appeared to belong to the square prismatic sys- 
tem. (Fig.29 and 32); ¢: lateral edge = 150°; e: p= 120°; e:¢ = 
105°; e over the vertex : e behind = 60°; it is therefore probably dimor- 
phous; the crystals, however, exhibited simple refraction. Specific gra- 
vity = 2:9084 (Karsten), = 3°091 (Boullay). After fusion it is reduced 
to a crystalline mass, having a pearly lustre. (Gay-Lussac, Gilb. 49, 26.) 
It melts below a red heat; and when exposed to the air volatilizes unde- 
composed at a moderate red heat; if the experiment is made in a glass 
tube, the volatilization does not take place till the glass begins to soften. 
(Schindler.) It has a sharp taste, and turns reddened litmus paper 
slightly blue. 


According to Gay-Lussac. 
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Chlorine, with the aid of heat, converts iodide of potassium into chlo- 
ride of potassium and iodine. (Gay-Lussac.) From a solution in 2 parts 
of water, chlorine gas throws down iodine at first; but this disappears 
again when more chlorine is added, a compound of terchloride of iodine 
with chloride of potassium being formed, which colours the liquid yellow, 
and yields an abundant crop of crystals. (Filhol.) 


KI + 4Cl = KCl, ICP. 


Iodide of potassium on being evaporated with nitric acid, is wholly 
converted into nitrate of potash. (Serullas.) When it is heated with 
nitrate of ammonia, iodine is abundantly evolved with production of a 
brown colour. (Emmet.) Fused with chlorate of potash, it is converted 
into iodate of potash; heated with nitrate of potash or nitrate of baryta, 
it yields a small quantity of iodate of potash or baryta, together with 
peroxide of barium in somewhat larger quantity. (O. Henry, J. Pharm. 
18, 345.) In the vapour of anhydrous sulphuric acid, it turns reddish 
brown, and produces sulphate of potash, sulphurous acid, and iodine. (H. 
Rose, Pogg. 38, 121.) | 

KI + 2803 = KO, SO? + SO? + I. 


Distilled with dilute sulphuric acid, it yields first hydriodic acid—then, 
on further concentration, iodine, which dissolves in the hydriodic acid— 
and sulphurous acid, which passes over with the water and iodine, and is 
converted into sulphuric acid. Heated with peroxide of manganese and 
oil of vitriol, it yields iodine only, no sulphurous acid. A mixture of 
equal parts of iodide of potassium, common salt, nitre, and oil of vitriol, 
yields chloride of iodine as the principal product. (Soubeiran.) Steam 
passed over iodide of potassium heated to redness, causes the evolution of. 
a large quantity of hydriodic acid gas; the residue is alkaline. (Schindler, 
Mag. Pharm. 31, 33.) A mixture of iodide of potassium and sal-ammo- 
niac yields, when heated, sal-ammoniac, free iodine, and iodide of ammo- 
nium, whilst iodide and chloride of potassium remain behind. The mix- 
ture remains unaltered in dry air, but in moist air slowly absorbs water 
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and becomes brown through the decomposition of the hydriodate of ammo- 
nia which forms. (A. Vogel, J. pr. Chem. 22, 144.) 

Iodide of potassium deliquesces only in very moist air; but more readily 
if mixed with carbonate of potash or other deliquescent salts. It dissolves 
in water with production of cold, which may amount to 24° (752° F.). 
One part dissolves at 12°5° in 0°735 parts, and at 16° in 0°709 parts of 
water (Baup); at 18° in 0°7 parts, and at 120° in about 0°45 parts of 
water. (Gay-Lussac.) A saturated solution boils at 120°. (Baup.) It 
dissolves, at 12°5°, in 5:5 parts of alcohol of specific gravity 0°85, and at 
13°5° in between 39 and 40 parts of absolute alcohol; hot alcohol dissolves 
a much larger quantity, and deposits it in needles as it cools. (Baup.) The 
colourless aqueous solution, which may be considered as a solution of 
hydriodate of potash, yields crystals of iodide of potassium when eva- 
porated. A dilute solution is coloured yellow by a small quantity of 
chlorine, but is rendered colourless by more; if, however, bromide of potas- 
sium is present, the yellow colour arising from the bromine remains. (Simon, 
Repert. 65, 200.) It colours paper bleached by chlorine, brown. (Baup.) 
The brownish yellow colour produced by chlorine is visible in a solution 
diluted to the extent of one part of iodide of potassium in 3000 parts of 
water; the same reaction is produced by sulphuric and nitric acid in a 
solution of one part in 6000 parts of water; the red precipitate with bi- 
chloride of platinum, with one part in 12000 parts of water; and the green- 
ish yellow precipitate with nitrate of mercurous oxide, with one part 
in 60,000 parts of water. (Dublanc, J. Chim. Med. 2, 120.) 


B. Brnyiopipe or Porasstum or Hypriopite oF PoTAsi.—A_ s0- 
lution of i00 parts of iodine in 400 parts of water rapidly dissolves 
76°5 parts or an additional-atom of iodine: in a more dilute solution, the 
same quantity of iodine is more slowly dissolved (Baup). The liquid is 
dark reddish brown and neutral, and loses the excess of iodine by boiling 
or exposure to the air. (Gay-Lussac.) According to Girault (J. Pharm. 
27, 390), it is necessary to evaporate to dryness and raise the temperature 
almost to the melting point to get rid of all the excess of iodine. A solu- 


tion of 100 parts of iodide of potassium in 200 parts of water dissolves — 


153 parts (2 atoms) of iodine, forming a blackish brown metallic-looking 


liquid, which exhibits a very dark red colour by transmitted light, and | 


throws down half of the dissolved iodine on the addition of water. (Baup.) 


C. Joprrm or Porasn?—a. If equal atoms of iodine and ordinary 


hydrate of potash (containing carbonic acid) are dissolved in water—the 
dark-brown solution evaporated to dryness, without sufficient heat to 
drive off oxygen,—and the mass dissolved in water, evaporated, arid left 
slowly to cool,—a number of very large crystals are obtained, differing 


from those of iodide of potassium and iodate of potash. Alcohol dissolves. 


out iodide of potassium from them, leaving iodate of potash; and water 
forms with them a solution in which iodide of potassium and iodic acid 
can be detected. It is therefore a salt analogous to the soda-salt of 
Mitscherlich. (Remmann, Mag. Pharm. 23, 89.) 

6. A cold aqueous solution of carbonate of potash forms with a little 
iodine a colourless liquid which smells of iodine; with more iodine it 
forms a brownish red solution; no carbonic acid is evolved, because bicar- 
bonate of potash is produced. The brown solution when heated evolves 
vapour of iodine, with which, when the liquid boils, carbonic-acid gas is 
at first associated. By evaporating, redissolying, and driving off the 
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iodine three times in succession, all the carbonate of potash may be con: 
verted into iodide of potassium and iodate of potash. (Reimann.) [The 
solution first obtained in the cold may contain iodite of potash. | 

ce. By heating hydrate.of potash with iodine to a temperature of 
200° at most, iodide of potash is formed. (Grouvelle.) 


D. lopars or Porasn.—tThe basic salt of Gay-Lussac, prepared by 
mixing the simple salt with potash, Rammelsberg failed in obtaining— 
the normal salt crystallizing out. | 

a. Mono-Ioparr.—When iodine is added to a solution of potash, 
heat is evolved and 1 atom of iodate of potash together with 5 atoms of 
iodide of potassium or hydriodate of potash is formed. 


6KO + 61 = KO,1I0O® + 5KO. 


—1l. To a solution of potash iodine is added till a permanent brown 
colour is just produced—the liquid evaporated to dryness—and the 
iodide of potassium separated from the residue by means of alcohol of 
specific gravity 0°81. Should the remaining iodate of potash contain car- 
bonate, the latter is decomposed by acetic-acid, the whole evaporated, and 
the acetate of potash removed by alcohol. (Gay-Lussac.)—2. Ter- 
chloride of iodine is dissolved in solution of potash. (Berzelius.) In this 
process, iodide of potassium and chloride of potassium are formed at the 
same time; the latter on account of its smaller solubility in alcohol, is 
more difficult to separate. ; 


3ICP + 12KO = 2K0, 10° + 9KCl + KI. 


—3. lodide of potassium is fused in a hessian crucible, and allowed to 
cool till it becomes semi-fluid, and then 14 parts of chlorate of potash are 
added by degrees. The mass becomes fiuid, swells up and solidifies to 
a spongy mixture of iodate of potash and chloride of potassium. It is 
dissolved in hot water, the iodate of potash left to crystallize, the crystals 
dissolved in water, and the iodate precipitated by alcohol. (O. Henry, 
J. Pharm. 18, 345; also Schw. 65, 442.)—Small, white, cubic crystals, 
_ apparently unaltered in the air. (Gay-Lussac.) | | 


Calculation. 
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Todate of potash melts and froths up at a low red-heat and is converted, 
with escape of 22°59 per cent. of oxygen-gas, into quietly fusing iodide of 
potassium, yielding 77°41 per cent. of that salt. (Gay-Lussac.) If a 
part only of the oxygen is expelled, the residue contains simply iodide of 
‘potassium and iodate of potash, no periodate. (Rammelsberg.) Accord- 
ing to Herzog (WV. Br. Arch. 14, 90), the iodate of potash heated to red- 
ness in a glass tube, evolves, not only oxygen-gas, but likewise vapour of 
iodine, and leaves an alkaline residue. lodate of potash detonates on burn- 
ing charcoal with a purple light. (Gay-Lussac. ) When dissolved in water, 
it is converted by sulphuretted hydrogen gas—with precipitation of sulphur 
and formation of a larger quantity of sulphuric acid,—first into brown 
hydriodite, then into colourless hydriodate of potash. (H. Rose.) Sul- 
phurous acid likewise colours the solution brownish red at first, and after- 
wards decolorizes it again. (Reimann.) Arsenious acid reduces iodine 
from the solution. (Simon, Repert, 65, 209.)—-Concentrated hydrochloric 
BH 2 
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acid added to this salt produces water, chlorine, and the compound of ter- 
chloride of iodine with chloride of potassium : ) 
KO, 10° + 6HCl = KCl1,ICP + 6HO + 2Cl. (Filhol.) 


A solution of the salt in excess of boiling nitric acid yields crystals of | 


jodie acid on cooling, while nitre remains in solution; if however it is 
evaporated to dryness, one-half the nitre formed is decomposed, and 
there remains a mixture of one atom of nitre and one atom of binio- 
date of potash. When greater heat is applied, all the nitric acid is 
decomposed into hyponitric acid and oxygen, and driven off, so that 
the residue consists merely of simple iodate of potash. (Penny, Ann. 
Pharm. 37, 208; also J. pr. Chem. 28, 297.) Tf iodide of potassium is 
mixed with a solution of this salt, stronger acids precipitate iodine from 
it ; acetic acid produces only a brownish red colour, from formation 
of hydriodite of potash. (Reimann.) It dissolves in 18 parts of water 
at 14° (57°2° F.) (Gay-Lussac) ; more readily in a solution of iodide of 
potassium (Girault), and is not soluble in alcohol. 

b. Bin-todate-—The aqueous solution a, mixed with hydrochloric acid, 
gives on the addition of alcohol a precipitate of 6.—2. An aqueous solu- 
tion of ter-chloride of iodine is incompletely saturated with caustie potash, 
or carbonate of potash, on which the mixture becomes heated; and on 
cooling, a compound of 6 with chloride of potassium crystallizes out (the 
mother-liquor saturated with potash still yields the salt a). The solution 
of the above compound diluted with much water, and evaporated in the 
air at 25° (77° F.) yields the salt 6 in beautiful crystals. Transparent 
and colourless rhombic prisms, with dihedral summits, having a sour, 
astringent taste, and reddening litmus. When heated, it evolves oxygen 
gas and vapour of iodine, and passes first into simple iodate of potash, 
and then into iodide of potassium. Detonates on burning charcoal. Solu- 
ble in 75 parts of water at 15°; insoluble in alcohol. (Serullas, Ann. Chim. 
Phys. 22,181; 48, 144; 45, 59.) 


Calculation, according to Serullas. 
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According to Penny, the crystals contain one atom of water. 


e. Ter-iodate-—Formed on mixing an aqueous solution of iodie acid 
with a small quantity of potash, or by adding iodate or biniodate of 
potash dissolved in water to phosphoric, sulphuric, hydrochloric, nitric, or 
hydrofluosilicic acid. lodate of potash in solution is heated with a large 
excess of dilute sulphuric acid, and left to evaporate in the air at 25°; the 
salt then crystallizes out. The mother-liquor contains a compound of bisul- 
phate and biniodate of potash (wd. seg.). Large, transparent, colourless, 
rhombohedral crystals, which, even when free from sulphuric acid, assume 
a reddish colour after a time. When heated to fusion it evolves oxygen gas 
together with 2 of its iodine, leaving iodide of potassium. It dissolves in 
25 parts of water at 15°; the solution yields, on evaporation, crystals, 
first of the bi-acid, and then of the ter-acid salt. (Serullas, Ann. Chim. 
Phys. 48, 117.) 


Calculation, according to Serullas. 
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EK. Perropate or Potasn-—a. Sub-salt.—A solution of 6 is mixed 
with potash and evaporated till crystallization commences. Small white 
crystals, which are anhydrous, and separated by heat into 22:188 per 
cent. of oxygen, and 77°735 per cent. of a mixture of potash and iodide 
of potassium ; not less soluble in water than 0. 

b. Normal Salt.—Chlorine gas is passed through a solution of iodate 
of potash mixed with caustic potash or carbonate of potash. The salt 
separates in small, white crystals, decomposed by heat into 27'134 per 
cent. of oxygen and 72°95 per cent. of iodide of potassium, but slightly 
soluble in water, and having the properties of perchlorate of potash. 
(Magnus & Ammermiiller, Pogg. 28, 521.) 


Calculated proportions of a. Calculated proportions of 0. 
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PoTASsIUM AND BROMINE. 


A. Bromipr or Porasstum.—Potassium unites with bromine, pro- 
ducing violent inflammation and detonation, and breaking the glass tube 
employed in the experiment. Heated potassium decomposes hydrobromic 
acid gas; vapour of bromine expels iodine from iodide of potassium in a 
state of fusion. (Balard.)—Preparation.—1. Solution of hydrobromic acid 
is saturated with potash and evaporated. (Balard.)—2. A solution of 
bromide of iron is decomposed by carbonate of potash in equivalent 
proportions, boiled till the precipitate becomes brown, then filtered and 
evaporated. (O. Henry, J. Pharm. 15, 54.)—3. From the potash solu- 
tion obtained in the preparation of bromine according to the first method. 
(II., 273), the bromate of potash is separated from the bromide of potas- 
sium by crystallization, and the latter purified by ignition from the bro- 
mide of carbon which adheres to it.—4. Bromine is dissolved in solution 
of potash till the liquid becomes permanently coloured: the solution is 
then evaporated, the residue heated to redness and redissolved in water, 
the liquid saturated completely with hydrobromic acid, and evaporated 
again.—5. Through this solution of bromine in potash, sulphuretted 
hydrogen gas is passed in excess, in order to convert all the bromate of 
potash into hydrobromate—the excess of sulphuretted hydrogen is expel- 
led by boiling—the solution filtered from sulphur—any excess of hydro- 
bromic acid present being neutralized with potash, or of potash, on the 
contrary, with hydrobromic acid—and evaporated to a small bulk. ( Léwig.) 
ae salt sometimes contains iodide of potassium. (J. Chim. Med. 18, 
605. 

It crystallizes from an aqueous solution in very brilliant cubes, some- 
times elongated into prisms or reduced to a tubular form. (Balard.) Sel- 
dom found in octahedrons. (Manx, Schw. 49, 103, and 249.) Decrepi- 
tates in the fire and fuses without decomposition; taste, sharp. (Balard.) 
sp. gr. = 2°415. (Karsten.) 


Calculation. Balard. Liebig. 
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100 parts of bromide of potassium yield 160'3 parts of bromide of silver. 
(Liebig.). It is decomposed at a red heat by chlorine, but not by iodine. 
With solution of hypochlorous acid, it yields bromate of potash and chlo- 
ride of potassium, chlorine and bromine being set free. (Balard.) When 
it is fused with chlorate of potash, bromate of potash is produced. (0. 
Henry.) It dissolves in water with production of cold, and more abun- 
dantly in hot than cold water, so that from a solution saturated while hot, 


bromide of potassium crystallizes on cooling. Slightly soluble in alcohol, 
(Balard.) 


B. PrerRBRoMIDE oF Potasstum or HypRosrRomITE oF PotasH ?— 
According to Balard, bromine is not more soluble in an aqueous solution 
of bromide of potassium than in pure water; according to Léwig, on the 
contrary, a solution of one part of bromide of potassium in 6 parts of 
water takes up as much bromine as it already contains, forming a reddish 
liquid, which, when gently heated, becomes colourless from the separation 
of the bromine dissolved. A solution of one part of bromide of potassium 
in one part of water takes up twice as much bromine as it already contains, 
evolving so much heat that the excess of bromine escapes with efferves- 
cence, and leaves a thickish dark-brown liquid which mixes with water 
without separation of bromine, but gives up its bromine when heated or 
exposed to the air. 


C. Hypopromitk or Potasn? Concentrated solution of potash 
takes up bromine, with considerable rise of temperature, and forms a liquid 
which, when the potash is in excess, is of a pale-yellow colour, smells 
like chloride of lime, bleaches litmus and indigo, yields but a very small 
quantity of bromate of potash, and from which the weakest acids, even 
carbonic acid, liberate brominé: ammonia added to it gives off nitrogen gas. 
As soon as an excess of bromine is added, the liquid deposits a large quantity 
of potash, and after the free bromine present has escaped into the air, no 
longer possesses bleaching properties. Light, heat, and, to a certain extent, 
evaporation in vacuo, also destroy this power by causing the formation of 
bromate of potash. In the beginning there is doubtless formed a mixture 


of bromide of potassium and hypobromite of potash ; afterwards, when | 
excess of bromine is added, bromide of potassium and bromate of potash © 


are produced. Carbonate of potash behaves in the same manner; with a 
deficient quantity of bromine it forms a bleaching liquid which likewise 
contains bicarbonate of potash ; and with excess of bromine it yields bro- 
mide of potassium and bromate of potash. Bromine expels carbonic acid 
from bicarbonate of potash. (Balard, J. pr. Chem. 4,165.) When bro- 
mine is carefully added, with constant stirring, to a cooled solution 
of potash, so that the latter may remain cold and in excess, no bro- 
mate of potash is obtained, but an orange-yellow bleaching liquid, which 
does not smell of bromine, evolves none when boiled, and behaves like the 
‘ chlorides of the alkalis. (Fritzsche, J. pr. Chem. 24, 291.) Léwig also 
obtained with solution of carbonate of potash and bromine, a yellowish solu- 
tion, which destroyed yegetable colours, corroded paper, smelt like chloride 
of potash, evolved carbonic acid when boiled, and deposited bromate of 
potash as it cooled, thereby losing its bleaching power. 


D. BromateE oF Porasn. Formed by saturating a moderately concen- 
trated solution of potash (or carbonate of potash, if heated) with bromine 
or chloride of bromine. The greater part of the bromate of potash erystal- 
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lizes out immediately, the rest by evaporation and cooling, whilst 
nearly all the bromide or chloride of potassium remains in solution. 
(Balard.) 

Purified by repeated crystallization. This salt, on cooling from a hot 
solution, crystallizes in needles; by spontaneous evaporation, in flat plates 
(Balard); by very slow cooling from a warm solution, in four and six- 
sided tables and cubes with rounded summits. (Léwig.) Always in forms 
belonging to the regular system, (Fritzsche. ) 


Crystallized. Rammelsberg. 
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At a red heat it separates into oxygen gas, and 90°04 per cent. of bromide 
of potassium. (Balard.) Before this decomposition takes place, the erys- 
tals generally decrepitate in a peculiar and violent manner—probably 
due to their conversion into a mixture of perbromate and bromite of 
potash. (Fritzsche, J. pr. Chem. 24, 285.) 

2(KO, BrO’) = KO, BrO7 + KO, BrO®, 


This decrepitation is produced by those crystals only which are ob- 
tained from a solution, either perfectly neutral, or mixed with acetic acid 
and left to spontaneous evaporation. An excess of potash in the liquid 
causes the formation of crystals which do not possess this property. The 
crystals heated in a test tube to between 100° and 150°, lose a little water 
with slight decrepitation; but at about 350°, they crumble to powder with 
brisk detonation. The loss of weight (partly arising from the escape of 
water) of the salt dried at 107°, amounts, after decrepitation, to 1°35 per 
cent, only. The powder produced by decrepitation appears under the. 
microscope to be composed of opaque pieces of ill defined shape, and 
presenting numerous fissures. It dissolves in water with evolution of 
small bubbles of oxygen gas, which appear even when it has been freed 
from adhering air by being moistenodMtth alcohol, and continue to escape 
till the whole is dissolved. The quantity of oxygen evolved is very 
small, and is again partly absorbed by the solution, so that when the evo- 
lution of gas begins to slacken, some of the bubbles may, by examination 
with the microscope, be seen to disappear again. In hot water, the escape 
of gas is more abundant. In assuming that the bromate of potash in 
decrepitating is resolved into a mixture of perbromate and bromite of 
potash, it must further be supposed that the perhromate is decomposed 
by water into bromate of potash and oxygen ga@ and that the bromite 
set free at the same time reabsorbs a portion of the oxygen gas, and is con- 
verted into bromate of potash; the excess of bromite absorbing from the air 
the oxygen which is required for this purpose. The crystals obtained 
by rapidly cooling a hot solution, or from the evaporation of a solution 
supersaturated with potash, decrepitate but slightly, and only at a higher 
temperature, near the melting point of the salt, and are reduced to a pow- 
der which evolves but little gas when dissolved in water. (Fritzsche.) 

When the salt is gradually heated and begins to evolve oxygen gas, a 
faint glow makes its appearance at one point, and gradually extends over 
the whole mass, the evolution of gas at the same time becoming more 
rapid ; bromide of potassium in a half fused state remains behind. (Ram- 
melsberg.)—The salt detonates on ignited charcoal, and violently when 
mixed with sulphur and struck (Balard); also by the electric spark, 
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(Lowig.) It is decomposed by oil of vitriol, with violent decrepitation 
(which might seem to indicate the presence of a gas in the nascent state, 
similar to oxide of chlorine) into vapour of bromine, oxygen gas, and sul- — 
phate of potash. Mixed with sulphur, resin, &c. it inflames when ~ 
touched with oil of vitriol. (Léwig.) When heated with nitric acid 
it is resolved into vapour of bromine, oxygen, and nitrate of potash. 
(Penny, J. pr. Chem. 28, 298.) From a hot aqueous solution of the salt 
mixed with sulphuric acid, bromate of potash (no bibromate) crystallizes 
out first, and afterwards bisulphate of potash. (Rammelsberg.) The cold 
aqueous solution treated with hydrosulphuric acid, yields milk of sulphur, 
sulphuric acid, and hydrobromic acid. (H. Rose.) Chlorine passed 
through the solution produces but slight decomposition, merely separating 
a little bromine, which colours the liquid yellow. (Rammelsberg.) The 
salt dissolves at 15° in 15:2 parts of water, (Rammelsberg,) more abun- 
dantly in hot water, very sparingly in alcohol. (Balard; also Rammelsberg. 
Pogg. 52, 80; 55, 88.) 


PoTASsSIUM AND CHLORINE. 


A. CuiorivE or Potassium.—Digestive Salt, Double refined culinary © 
Salt, Sal digestivum Sylvit, Sal febrifugum Sylow.—Potassium takes fire at 
ordinary temperatures in chlorine gas, and burns with a red flame, and 
more vividly than in oxygen gas; the product is chloride of potassium. 
(H. Davy.) Chlorine gas passed over red-hot potash or iodide of 
potassium, forms chloride of potassium, and liberates oxygen or iodine. 
Potassium gently heated in hydrochloric acid gas burns with a lively red: 
flame, producing chloride of potassium, and separating half a volume of 
hydrogen gas. When concentrated hydrochloric acid is dropped upon 
hydrate of potash in the dark, a faint light is emitted. (Henrich.) Potas- 
sium separates the chlorine from chloride of magnesium, and likewise 
from many other chlorides of the earth-metals and the heavy metals.— 
Chloride of potassium is occasionally obtained as a. by-product, in the 
preparation of chlorate of potash, soap, glass, solution of carbonate of 
ammonia, carbonate of soda, and tartaric acid, and in the purification of 
nitre. . 

White, crystallizing in cubes often prismatically elongated, and rarely— 
e.g. from potash-ley—in octohedrons.. Specific gravity = 7°836 (Kirwan), 
= 1:9153 (Karsten), = 1:945 (Kopp). Unacted on by the air. Decre- 
pitates when heated; fuses at a low red heat; volatilizes at a higher 
temperature unchanged. It is somewhat more volatile than chloride of 
sodium; in a covered crucible, it may be kept in a state of fusion without 
loss; in open vessels, it volatilizes gradually in the constantly renewed 
current of air. (H. Rose; Pogg. 81,132. Vid. I., 266.) Tastes like com- 
mon salt. | 
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KO, MuO? 100:000 100 100°0 100700 100°00 100°0 100°00 100°00 


[MuO? signifies hypothetically anhydrous muriatic acid, with an. atomic 
weight = 27-4, Vid. II. 356.] 
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Sulphur mixed with chloride of potassium in a fused state produces a 
small quantity of sulphide of potassium. (A. Vogel, Schw. 21, 71.) Hy- 
drated sulphuric, tartaric, and nitric acids, form a salt of potash, and 
separate hydrochloric acid.—Chloride of potassium, in dissolving in water, 
produces a much greater degree of cold than common salt, but less than sal- 
ammoniac. One part of the salt dissolves at 17-5° (63°5° I.) in 3-008 parts 
of water, forming a solution of specific gravity 1:1635 (Karsten): it 
dissolves at 11°8°, in 2:89 parts; at 13°8°, in 2°87 parts; and at 15°6°, in 
2°85 parts of water. (Kopp.) 100 parts of water at 0° dissolve 29°23 
parts of chloride of potassium, and for every degree above zero (centi- 
grade) 0°2788 parts. (Gay-Lussac.) From the solution—in which hydro- 
chlorate of potash may be supposed present—chloride of potassium again 
crystallizes on evaporation. It is but slightly soluble in alcohol. 


B. Hypocutorire or Porasu.—a. Pure.—A solution of hypochlorous 
acid in water unites with solution of potash, producing a rise of tempe- 
rature.. To a solution of potash kept quite cool, the aqueous acid is added 
by degrees, in such quantity that the potash may remain slightly in 
-excess.—Heat or an excess of acid would cause the compound to separate 
‘into chloride of potassium and chlorate of potash. (Balard.)—Hitherto 
known only in the state of solution, having the properties already 
described. (1I., 301—3804.) 

b. Chloride of Potash. An aqueous solution of one atom of hypo- 
chlorite of potash and one atom of chloride of potassium; Haw de Javelle. 
1. Chlorine is passed through an aqueous solution of caustic potash, 
or its carbonate, kept constantly cool, till the potash is all but saturated. 
The carbonate of potash at first changes, from loss of alkali, into the 
bicarbonate, which crystallizes from the solution when more saturated ; 
but by a greater quantity of chlorine, this salt is likewise changed into 
chloride of potash, with escape of carbonic acid. If the liquid becomes 
heated, or if more than one atom of chlorine is supplied to each atom of pot- 
ash, the hypochlorite of potash is decomposed, and the bleaching property 
—at least in part—is lost.—2. Solution of chloride of lime is mixed with 
_ carbonate of potash, and the clear liquid decanted.—Colourless liquid, 

having a peculiar smell and rapidly destroying organic colours and 
odours—corroding paper, with disengagement of heat—evolving oxygen 
when boiled—decomposing ammonia with escape of nitrogen gas—oxidizing 
metals, &c.—(See II., 300—304.) If chlorine—produced from a mixture 
of 10 parts of common salt, 8 parts of manganese, 14 parts of oil of 
_ vitriol, and 10 parts of water—is passed through 24 parts of dry powdered 
carbonate of potash moistened with one part of water, the bleaching 
compound is obtained in the solid form, mixed with bicarbonate of potash. 
(Ph. Mayer & Schindler, Repert. 31, 1.) 


| C. Cutorite or Porasn. Prepared by saturating caustic potash 
with chlorous acid. The acid takes some time to combine with the 
alkali, the combination not being complete for several hours. On agi- 
tating the mixture, the colour of the acid disappears; but on adding a 
few drops of solution of acetate of lead, a white precipitate is formed, 
containing excess of oxide of lead, and quickly changing (in the liquid) 
into chloride and brown peroxide of lead. But if the lead-salt be added 
_ after the acid and alkali have been mixed for an hour, yellow scales of 
chlorite of lead are precipitated and remain unaltered.—If the acid 1s 
added in excess, the liquid acquires a deep-red colour, and a bichlorite of 
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potash is formed: this salt cannot, however, be obtained in the solid 
state, because the excess of acid escapes on evaporation. ‘To make sure 
that the potash is completely saturated, the chlorous acid must be added 
till the liquid begins to exhibit a red tint; it must then be evaporated to 
dryness over the water-bath as quickly as possible. The residue then 
consists of neutral chlorite of potash, KO, ClO*. But if the liquid is eva- 
porated slowly, either in vacuo or in the drying chamber, the salt is 
transformed into a mixture of chloride of potassium and chlorate of 
potash. 
3(KO, ClO) = KCl + 2(KO, C105). 


The dry salt is colourless, and may be preserved unchanged in close 
vessels. When exposed to the air, it deliquesces, and undergoes gradual 
decomposition. Ina dry atmosphere, it supports a temperature of 160° 
without alteration; but at higher temperatures, it undergoes a change not 
yet understood, and acquires a yellow colour. (Millon, dunn. Pharm. 
46, 306; Berzelius, Zraité, 3, 135.) FT 


D, Hypocutorate oF Porasn.—Solution of potash not quite satu- 
rated with peroxide of chlorine is evaporated in yacuo.—Crystallizes in 
fine scales, similar to those of chlorate of potash; but when mixed with 
one part of oil of vitriol and 10 parts of water, it evolves peroxide of 
chlorine, with violent effervescence. It absorbs carbonic acid gas, and is 
decomposed by it. Deliquesces only in moist air. (Martens, vid. II. 311, 
312.) According to Millon, peroxide of chlorine yields with potash 
a mixture of chlorate of potash (KO, C10°), and chlorite of potash 


(KO, C10?) 


K. Caiorate oF Potasn.—Hyper-oxymuriate of potash.—A solution 
of one part of potash in 8 parts of water is completely saturated with 
chlorine passed into it ‘through a bent tube; it is then allowed to stand 
a whole day—or heated for some time, not quite to the boiling point—in 
order to decompose all the hypochlorite of potash. On cooling, the 
greater part of the chlorate of potash crystallizes out—most completely, 
however, at freezing temperatures. (Sch. 33 and 34.) . 


6KO + 6Cl = 5KCl + KO, Cl10% 
or: 6KO + 6Cl + 5HO = 5(KO, HCl) + KO, Cl0%. 


On heating the liquid, it evolves a small quantity of oxygen—at most, 
however, from 2 to 3 per cent. (Gay-Lussac.) Protracted boiling is 
necessary, by which chlorate of potash is lost. (Graham.) If one part of 
hydrate of potash is dissolved in 2, 4, or 16 parts of water—then, on 
saturating with chlorine and evaporating, oxygen escapes, and one atom 
of chlorate of potash is obtained with about 18 atoms of chloride of potas- 
sium. (Morin, Ann. Chim. Phys. 87, 154.) The liquid often becomes 
reddish from the manganese carried over by the chlorine, which forms 
hypermanganate of potash. The mother liquor when evaporated and 
cooled, still yields crystals of chlorate of potash, but contaminated, to a 
greater extent on each repetition of the process, with chloride of potas- 
sium: this must be got rid of by repeated solution in hot water and 
cooling, the chlorate being far more soluble in hot than in cold water, 
while the solubility of the chloride varies but slightly with the tempera- 
ture. Mackenzie’s assertion, that more chlorate is obtained when the 
chlorine gas passed into the solution is mixed with oxygen gas or air, so 
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that oxygen may be absorbed at the same time, appears to be unfounded. 
II. 301. 

\ 2. ae on of one part of carbonate of potash in 2 or 3 parts of 
water is saturated with chlorine gas, and then treated as in the first 
method. The first half of the chlorine is absorbed readily, bicarbonate. of 
potash being formed at the same time; this salt, however, solidifies, and 
may stop up the conducting-tube. After this the absorption proceeds 
more slowly, and chlorine and hypochlorous acid escape together with the 
carbonic acid which is given off during the remainder of the process, 
Caustic potash is therefore preferable. Guthrie (Sill. Am. J. 21, 94) used 10 
parts of oil of vitriol (with salt and manganese) in the first process, and 
17 parts in the second, to obtain one part of chlorate of potash. The 
silica frequently contained in carbonate of potash is thrown down by the 
chlorine, and mixes with the crystals of chlorate of potash. In this 
process, also, the liquid is often coloured reddish by hypermanganate of 

otash. 

4 3. Chlorine gas is passed to saturation through an intimate mixture of 
one atom (69°2 parts) of carbonate of potash and one atom of dry 
hydrate of lime (containing 28 parts of burnt lime). Absorption pro- 
ceeds rapidly, the temperature rising above 100°, and the water passing 
off in vapour. The saturated mass is heated,—so as to decompose any 
hypochlorite of potash that may be present—dissolved in water, filtered, 
and left to crystallize. (Graham, Phil. Mag. An. 18, 318; also Ann. 
Pharm. 41, 306.) All the lime remains in the form of carbonate. The 
neutral filtrate, which has no bleaching power, contains only chloride of 
potassium and chlorate of potash. (Graham.) 

4, A mixture of one atom (74'6 parts) of chloride of potassium and 6 
atoms (168 parts) of burnt lime, reduced with water to a thin cream, is 
saturated with chlorine, and the chlorate of potash separated by crys- 
tallization from the chloride of calcium, the only other substance present. 
(Liebig, Ann. Pharm. 41, 307.) . 


KCl + 6CaO + 6Cl = KO, C1O® + 6CaCI. 


5. 10 parts of chloride of lime, made into a paste with water, are 
evaporated to dryness, by which means the chloride is converted into a 
mixture of chlorate of lime and chloride of calctum, no longer possessing 
bleaching properties. It ig then dissolved in water and filtered; the 
solution concentrated by evaporation; mixed with one part of chloride of 
potassium ; and allowed to cool. The chlorate of potash, amounting to 
about 0°83 parts, which crystallizes out, is purified from chloride of cal- 
cium by repeated crystallization, (Liebig, Mag. Pharm. 35, 225.) A 
saving of 5 of potash is effected in this process; but the rapid evolution 
of oxygen during the evaporation of the chloride of lime occasions the 
loss of a large portion of the chlorate (2, according to Martens).—Vée 
(J. Pharm. 19, 270) mixes solution of chloride of lime, without pre- 
viously heating it, with chloride of potassium; boils rapidly, by which, 
however, much oxygen is often driven off; and leaves it to crystallize. 
[Saturating the liquid with chlorine previously to boiling it, might be 
serviceable. | 

6. Solution of chloride of. lime is precipitated by carbonate (or 
sulphate) of potash, the solution saturated with chlorine, evaporated, 
and cooled, (Gay-Lussac, Compt, rend. 14, 951.) The crystals are sepa- 
rated: by solution in hot water and filtration, from silica and oxide of 
manganese, and by crystallization—repeated till the salt no longer 
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renders a solution of silver tarbid—from the chlorides of potassium and 
calcium. 

Chlorate of potash forms colourless transparent crystals, having a 
glassy lustre, and belonging to the oblique prismatic system of crystalli- 
zation. Softer than rock salt; cleavable parallel to w and w!;—2 : uw or uw 
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Ann. Phil. 21, 451.) Cleavable parallel to w, wi and2;7:uorw = 
106°; wz: ut 104° nearly; macle-crystals, with their angles in the 
same direction, produced by the union of two crystals at their ¢-surfaces ; 
the crystals refract light doubly. (Haidinger, Hdinb. J. of Sc.. 1, 103.) 
By rapid crystallization, the prisms are rendered very short and tabular; 
by slower crystallization, they are elongated. The salt emits sparks 
when rubbed in the dark ; fuses at a gentle’ heat, without decomposition ; 
remains unaltered in the air ; tastes cooling, rough, and like nitre. 
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Above 356°, but still under redness, it evolves oxygen gas with con- 
siderable frothing, and at a higher temperature is completely resolved 
into oxygen and chloride of potassium, the oxygen amounting, according 
to Stadion, to 38°5; Berzelius, 39:15; Pelouze, 39°16; and Marignac (Ann. 
Pharm. 44,18), 39°161 per cent. <A trace of chlorine is mixed with the 
oxygen, and of potash witb the chloride. (Marignac.) But if the heat at 
which the oxygen begins to escape is not further increased, the mass 
ceases after a time to boil, becomes pasty, and consists of a mixture of 
perchlorate of potash and chloride of potassium in equal numbers of atoms. 
(Serullas, Ann. Chim. Phys. 46, 323; also Pogg. 22, 301.) 


2(KO, C105) KO, C107 + KCl. + 40; 


Probably, 2 atoms of chlorate of potash are resolved by the first action 
of the heat into 1 atom of perchlorate of potash and 1 atom of chlorite 
= KO,C10°; and this, by the evolution of 4 atoms of O, is converted into 
KCl. From 100 parts of chlorate of potash, 45 parts of perchlorate may 
be thus obtained. (Serullas.) For the complete decomposition of the per- 


chlorate remaining in the residue, into oxygen gas and chloride of potas-. 


sium, either a stronger heat is necessary, or the addition of powdered 
manganese: this substance causes, even at a moderate heat and without 
itself losing oxygen, a rapid escape of gas from the salt, followed in- 
deed by an increase of heat, which raises the mass to low redness. 
(Dobereiner, Ann. Pharm. 1, 236; wid. IL, 20.) Oxide of copper acts 
like manganese; silica produces no effect. (Mitscherlich, Pogg. 55, 220.) 
Chlorate of potash detonates with combustible bodies, as carbon, 
phosphorus, oxide of phosphorus, sulphur, various metals and metallic 
sulphides; the explosion being extremely violent, often induced even by 
a blow, and, when large quantities are used, attended with great danger. 
A mixture of the salt with arsenic or sulphide of antimony is not inflamed 
by a red-hot iron-wire in vacuo; the first mixture inflames, however, on 
the admission of nitrogen gas, when the barometer stands at 2 inches 
only; and the second, on a larger admission of nitrogen gas; but all com- 
bustible mixtures of this kind inflame under smaller pressure in nitrogen 
than in air. (Hearder, J. pr. Chem. 20, 253.) Chlorate of potash when fused 
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with oxide of lead changes it into peroxide; and a mixture of hydrate of 
potash and peroxide of manganese converts it into manganate of potash. 

It is decomposed by oil of vitriol into oxide of chlorine, bisulphate of 
potash, and perchlorate of potash, the decomposition being attended with 
violent decrepitation, and often with a flashing light; combustible sub- 
stances, such as sulphur, metallic sulphides, arsenic, resin, camphor, gum, 
or sugar, mixed with the salt and moistened with oil of vitriol, are in- 
flamed by the oxide of chlorine evolved. A mixture of the salt with 
sulphur, sulphide of antimony, or arsenic, does not take fire in vacuo on 
the addition of oil of vitriol, but merely effervesces with emission of 
sparks, visible in the dark. (Hearder.) Chlorate of potash distilled with 
iodine, yields chloride of iodine which volatilizes, and chloride of potassium 
and chlorate and iodate of potash which remain behind. (Wohler.) A 
boiling solution of the salt takes up the first atom of iodine added, with- 
out becoming coloured; but on a further addition of iodine, a yellow, and 
then a brown colour is produced: the products of the reaction are iodate 
of potash and a chloride of iodine, containing variable proportions of 
iodine. 

KO,C1O® + I + xI = KO,I1O* + IXCL. 


With a small quantity of iodine, pentachloride of iodine appears to 
be formed; for on boiling, the liquid evolves chlorine, and afterwards 
contains terchloride of iodine, which yields a precipitate of iodine with 
carbonate of potash. On evaporating the liquid, the chloride of iodine 
escapes, whilst pure iodate of potash remains. (Millon, J. Pharm. 27, 102; 
also J. pr. Chem. 23, 253.) An aqueous solution of chlorate of potash 
‘ mixed with iodic acid, yields, according to the quantity of iodic acid 
added, crystals of iodate or biniodate of potash—the mother-liquor con- 
tains chlorate of potash and free chloric acid. (Serullas, Ann. Chim. Phys. 
45, 281.) An excess of concentrated nitric acid boiled with the salt, 
produces nitrate and perchlorate of potash, while chlorine and oxygen 
gas are evolved, but no chloric oxide. 


4KO, C10®° + 3NO®° = 3(KO, NO*) + KO, ClO? + 3Cl + 130. 


(Penny, Ann. 37, 203; also J. pr. Chem. 23, 296.—Millon.) For the 
decomposition of 3 parts of chlorate of potash, 100 parts of nitric acid of 
specific gravity 1°327 are required. The decomposition is greatly ac- 
celerated by the presence of spongy platinum (which, however, is not 
itself acted upon), probably because it promotes a more rapid evaporation 
of the water, and thereby concentrates the acid. Dilute nitric acid does 
not act on chlorate of potash even when boiled, neither does the concen- 
trated acid—when free from hyponitric acid—in the cold; but if a small 
quantity of hyponitric acid is present, the nitric acid on being mixed with 
the salt acquires a yellow colour by taking up peroxide of chlorine, and may 
cause explosion if distilled. Fuming nitric acid charged with hyponitric 
acid likewise produces—though very slowly at ordinary temperatures 
—chloric oxide, nitre, and perchlorate of potash. A solution of chlorate 
of potash in nitric acid rapidly oxidizes many substances, as sulphur, and 
selenium without frothing. (Millon, J. Pharm. 29, 184; vid. I., 805, 306.) 
Hydrosulphuric acid does not decompose an aqueous solution of chlorate 
of potash. 

Chlorate of potash dissolves in water, producing a somewhat con- 
siderable degree of cold. One part dissolves at 0° in 30°, at 15° in 
16°7, at 35° in 8°33, at 49° in 5:26, at 104° in 1°67 parts of water (Gay- 
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Lussac); and at 16° in 120 parts of alcohol, containing 83 per cent. 
(Wittstein.) is fe 
| Mixture for Lucifer Matches, to be inflamed by oil of vitriol: 60 parts 

of chlorate of potash, 14 parts of sulphur, 14 parts of gum-benzoin, a 
small quantity of gum-tragacanth, and cinnabar; or: 30 parts of chlorate 
of potash, 10 parts of sulphur, 8 parts of sugar, 5 parts of gum-arabic, and 
a little cinnabar; the sulphur must be wetted, or great danger will be in- 
eurred in the mixing (a fatal explosion of this mixture is mentioned in 
Repert. 8,119). Mixture for Percusston-powder (Zundpulver) for guns: 
54 parts of chlorate of potash, 21 parts of nitre, 18 parts of sulphur, 
7 parts of lycopodium; or 100 parts of chlorate of potash, 55 parts of nitre, 
83 parts of sulphur, 17 parts of sifted touch-wood, and 17 parts lycopodium; 
or 20 parts of chase-powder (Jagdpulver) freed from nitre by means of 
water, and then mixed with 11 parts of chlorate of potash and water to 
the consistence of a thin paste. Gunpowder prepared with chlorate of 
potash, charcoal, and sulphur, acts too violently and inflames too easily. 
(Vid. Aubert, Pelissier & Gay-Lussac, Ann. Chim. Phys. 4, 216.) 


F, PERCHLORATE oF PoTtasu.—Produced from the chlorate by elec- 
trolysis; by partial decomposition by heat, and by complete decomposi- 
tion with sulphuric or nitric acid.—l1. A solution of chlorate of potash 
is introduced into the voltaic circuit; perchlorate crystallizes out at the 
positive pole. (Stadion.)—2. Chlorate of potash is gently heated in a 
porcelain crucible till the melted mass ceases to evolve oxygen at the 
same temperature, and becomes thickish, and a portion taken out on a 
platinum-wire and powdered, communicates but a very slight yellow 
colour to concentrated hydrochloric acid,—a proof that nearly all the chlo- 
rate is decomposed. ‘The cooled mass dissolved in hot water, deposits 
after a while the greater part of the perchlorate of potash, which must be 
purified by re-crystallization; the chloride of potassium and undecomposed 
chlorate remain in solution. If the heat be continued till the powdered 
test no longer colours concentrated hydrochloric acid at all, and is con- 
sequently quite free from chlorate, the perchlorate of potash may likewise 
be decomposed. (Serullas, Ann. Chim. Phys. 46,325; also Pogg. 22, 301.) 
“| Millon (Ann. Pharm. 46, 315) asserts that by this method between 50 
and 53 per cent. of perchlorate may be obtained, the theoretical quantity 
produced being 56 per cent., on the supposition that 2 atoms of chlorate 


of potash are resolved into 1 atom of perchlorate and 1 atom of 
chlorite. (2KO,C10°) = KO, C107 + KO, C10*, {.—8. To 2 parts of oil 


of vitriol contained in a dish, 1 part of pounded chlorate of potash is added 
by degrees, and the yellow paste gently heated for 24 hours in a water- 
bath, till it has lost both its colour and the smell of chloric oxide; 
when cool, it is diluted with cold water; the perchlorate, amounting to 
25 parts (or 28 per cent.) of the chlorate of potash employed, is then 
collected on a filter, and purified from bisulphate of potash by repeated 
erystallization. (Stadion.) Mitscherlich (Pogg. 25, 298) gradually adds 
1 part of chlorate of potash to 1 part of warm oil of vitriol. Penny re- 
commends that the chlorate be heated with concentrated nitric acid; (III. 
60), by which, however, 4 atoms of chlorate can be made to yield only 
1 atom of perchlorate of potash. | 
Transparent, colourless, right rhombic prisms Fig. 53 and 54, the 
last also with the P-surface; w : w= 108° 55V;i4:@ (im Pig. 54) = 
101° 192’. The prisms are sometimes elongated in the direction of the 
u-surface, sometimes in that of the surface. They contain only a small 
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quantity of mechanically combined water. (Mitscherlich.) The salt is 
perfectly neutral, and has a slight taste like that of chloride of potassium. 
(Stadion, Gib. 52, 213.) 


Calculation. Stadion: 
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Perchlorate of potash is decomposed at a heat somewhat above 400°, 
yielding oxygen gas and chloride of potassium. The oxygen amounts, ac- 
cording to Mitscherlich, to 45:83; Stadion, 45:92; Marignac, 46°187; and 
Serullas, 46:21 percent. Detonates slightly on glowing charcoal. Heated 
with oil of vitriol to 187°, it evolves perchloric acid. Dissolves in 65 
parts of water at 15°, and ina smaller quantity of hot water ; quite inso- 
luble in alcohol. (Serullas, Ann. Chim. Phys. 46, 297, also Pogg. 22, 292.) 
Perchlorie acid precipitates perchlorate of potash not only from solutions 
of the soluble potash-salts, but from those also of potash-alum and cream 
of tartar. (Serullas.) (Hence the perchlorate must require for solution 
more than 65 parts of cold water.) 


F, SvunpHate or Cutorrpe oF Porasstum.—Powdered chloride of 
potassium placed in a vessel surrounded with ice absorbs the vapours of 
anhydrous sulphuric acid, without any evolution of gas, forming a hard 
translucent mass, which evolves hydrochloric acid gas with violence on 
the addition of water; when heated alone, it fuses, evolves chlorine and 
sulphurous acid gas in equal measures, and is converted into sulphate of 
potash almost free from chlorine. (H. Rose, Pogg. 28, 120.) 


_ G, Cutoripe or [opinE AnD Potassium. Chloroiodite de potassium. 
This compound is formed,—1. By mixing an aqueous solution of terchlo- 
ride of iodine with chloride of potassium—or else with hydrochloric acid 
and then with potash or carbonate of potash—in such quantity that the 
liquid may still remain acid.—2. By adding iodine to an aqueous solution 
of chloride of potassium, and passing chlorine gas through it.—3. By satu- 
rating a strong solution of iodide of potassium with chlorine gas. 


KI + 4Cl = KCl, ICP 


—4. By the decomposition of iodate of potash by concentrated hydro- 
chloric acid : 
KO, I0® + 6HCl = KCl, ICI? + 2Cl + 6HO. 


—5. By dissolving iodide of potassium and chlorate of potash in hot 
hydrochloric acid: 


3KI + 2(KO, ClO) + 12HCl = 3(KCl, IC) + 2KCl + 12HO. 


With too large an excess of hydrochloric acid, the compound does not 
crystallize out on cooling.—6. By dissolving iodine and chlorate of 
potash in slightly warmed hydrochloric acid: 


KO, ClO® + I + 6HCl = KCI, ICH + 3Cl + 6HO. 


—7. By passing chlorine through solution of potash in which so much 
iodine is diffused, that no free chloride of potassium is formed. (In this 
process, chlorate of potash is probably formed at the same time, or else 
the compound of chloride of potassium with biniodate of potash.) All 
these mixtures yield crystals of the compound on cooling.—1. A warm 
solution of chloride of potassium is mixed with terchloride of iodine dis- 
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solved in water.—2. One part of iodate of potash is dissolved in a flask 


(so that no chloride of iodine may be lost by evaporation ), i in 8 parts of — ; 


hydrochloric acid of 22° Bm., at a temperature between 40° and 50°, and 
when the solution is complete, ‘the liquid is left slowly to cool.—8. Through : 
a warm solution of one part of iodide of potassium in 2 parts of water, to 
which a few drops of hydrochloric acid have been added, chlorine gas is 
passed to saturation. On cooling, the liquid solidifies in consequence of — 

the formation of crystals. If the Solution were used cold, the tube which 


conducts the chlorine would be choked up by the crystals : if the iodide — { 


contains free potash or carbonate of potash, a compound of chloride of 
potassium with the biniodate of potash of Serullas (vid. seg.) may also be 
precipitated. The mother-liquid is quickly poured off and the crystals 


produced immediately dried between folds of blotting-paper and put into we 


well stopped bottles. By remaining in the mother-liquor, they would be 
changed into crystals of iodate of potash. ; 
Long, golden-yellow, brilliant prisms, apparently of the oblique rhom- 
bic form. This compound smells intolerably of chloride of iodine, has a 
caustic taste; and corrodes the skin almost as powerfully as free chloride 
of iodine. co 
Calculation, according to Filhol. 
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The crystals are anhydrous. When heated, the compound leaves 
24:22 per cent. of chloride of potassium; the first portions of the terchlo- 
ride of iodine escape undecomposed; the last are resolved into chlorine, 
protochloride of iodine, and free iodine. If the salt is not dry, but still 
retains some of the mother-liquor charged with hydrochloric acid, the — 
chloride of iodine is more strongly retained, and is evolved only in the © 
form of chlorine, protochloride of iodine, and free iodine. The compound is. 
very soluble in water, and in solution, is rapidly converted into chloride of 
potassium and iodate of potash. (Other products must however be formed 
at the same time.) This salt when exposed to the air quickly diminishes 
in weight, loses its fine yellow tint, and becomes opaque in 24 hours. — 
Alkalis precipitate iodine from its aqueous solution; chloride of barium 
produces a cloud in a few seconds, and precipitates iodate of baryta ; 
nitrate of silver, when concentrated and supersaturated with nitric acid, 
throws down chloride and iodide of silver from the solution; when dilute 
it also precipitates iodate of silver. Ether separates the ee of iodine 
from the crystals, and thereby deprives them of their smell and colour. 
(Filhol, J. Pharm. 25, 433 and 506.) ee . . 
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PoTASSIUM AND FLUORINE. 


A. Frvorwe or Porasstum. When hydrofluoric acid comes in con- — 
tact with potassium, fluoride of potassium is formed, and hydrogen gas 


evolved, the action being attended with great rise of temperature. Potas- _ 


sium decomposes fluoride of boron, A hela s of silicium, and other metallic 
fluorides. A solution of hydrofluori ic acid is mixed in a silver or platinum 
vessel, with caustic potash or carbonate of potash (Gay-Lussac & Thénard, 
Recherch. 2,18), in such quantity that the acid slightly predominates,— 
_ the liquid evaporated, and the residue heated strongly to expel the excess — 


i 


FLUORIDE OF BORON AND POTASSIUM. 65 


of acid, (Berzelius.)—Fluoride of potassium crystallizes from an aqueous 
solution, if evaporated under + 40°, in colourless cubes often lengthened 
into a prismatic form, or else exhibiting square, pyramidally excavated 
faces. Fuses below a red heat; has a sharp saline taste and alkaline 
reaction. When treated with oil of vitriol, even at ordinary temperatures, 
it evolves hydrofluoric acid with violent effervescence. Decomposed by 
chlorine.—Deliquesces rapidly in the air. (Berzelius, Pogg. 1, 10.) 
Fluoride of potassium dissolves in water, causing a rise of tempera- 
ture. T’he solution dims glass. It contains either fluoride of potassium, 
or hydrofluate of potash, or double fluoride of hydrogen and potassium, 
(bihydrofluate of potash) together with free potash, as its alkaline 
reaction indicates. (Vid. H. Rose, Pogg. 55, 587.) If the aqueous solu- 
tion is evaporated by a gentle heat in a platinum dish till crystals form 
at the bottom, and then poured off from these, it solidifies, on cooling, 
_to a mass of long, thread-like, radiating crystals. It is precipitated in a 
similar manner from a concentrated aqueous solution by strong alcohol. 
These erystals contain 39°44 per cent. of water. (H. Rose, Pogg. 55, 554.) 
They are either fluoride of potassium with 4 atoms of water, or hydrated 
hydrofluate of potash with 3 atoms of water. 
Fluoride of potassium fused with silica forms a mass which is vitreous 


while fused and becomes milk-white as it cools; it is insoluble in alcohol. 
(Berzelius.) 


Calculation. Hydrated crystals. 
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B. Fivorie or HyprogEn anp Porasstum.—Hydrofluoric acid is 
mixed with fluoride of potassium or with a quantity of potash not suffi- 
cient to neutralize it, and the liquid evaporated in a platinum dish. B 
_ Spontaneous evaporation, it crystallizes in rectangular four-sided tables 
with truncated lateral edges ; in a deeper vessel and by still slower eva- 
poration, in cubes; if rapidly evaporated, it forms a solid transparent 
mass, consisting of broad crystalline plates which cross each other. Fuses 
when heated, and at the temperature of incipient redness, is converted, 
with evolution of hydrofluoric acid, into fluoride of potassium amounting 
to 74°9 per cent. Heated with 6 times its weight of protoxide of lead, it 
yields 11°6 per cent. of water. Dissolves easily in pure water, forming 
a solution of fluoride of hydrogen and potassium or of bihydrofluate of 


potash; difficultly soluble in water containing free hydrofluoric acid. 
(Berzelius.) 


. Calculation. Berzelius. 
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C. Fivoporipr or Porasstum.—l. On mixing tetrahydrofluate of 
boracic acid with any salt of potash dissolved in water, a gelatinous pre- 
cipitate falls, which resembles a newly formed precipitate of fluoride of 
silicium and potassium, even in the play of colours which it exhibits when 
% certain excess of acid is present.—2. 100-2 parts (one atom) of bicar- 
bonate of potash dissolved together with 61-8 parts (one atom) of crys- 
tallized boracid acid in excess of aqueous solution of hydrofluoric acid, 


and evaporated, yields, even to the last trace, nothing but fluoboride of 
VOL. III. , - 
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potassium. ‘This therefore is the proper proportion; if more boracic 
acid is used, it remains in the mother-liquor. The mass obtained by the 
first process—when collected on a filter, washed with cold water, and 
pressed while still moist—feels gritty like hair-powder. When dry, it 
yields a fine white powder; it crystallizes from a hot aqueous solution in 
small, shining, anhydrous crystals, which appear to be six-sided prisms 
with dihedral summits. The compound has a feeble, somewhat bitter taste, 
not at all acid, and does not redden litmus; it fuses at a temperature just 
below redness. 


Y Calculation, according to Berzelius. Or: es 
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When heated nearly to redness, it boils up and evolves gaseous fluoride 
of boron, which, if the compound is not perfectly anhydrous, condenses 
to small drops of hydrofluate of boracic acid: but it is only by a strong 
heat long continued, that the compound can be entirely resolved into 
volatile fluoride of boron and solid fluoride of potassium. If the 
decomposition is incomplete, the remaining fluoboride of potassium is 
left behind on dissolving the fluoride of potassium in water. Oil of 
vitriol decomposes this substance slowly, and only by the aid of heat; 
at first, gaseous fluoride of boron escapes; then aqueous hydrofluate of 
boracic acid and hydrofluoric acid, leaving a quantity of sulphate of potash 
equivalent to 37°417 per cent. of potash. The compound is not decom- 
posed by any base, such as ammonia, potash, or soda; nor even by heating 
with sal-ammoniac,—though, when it contains fluoride of silicium and potas- 
sium, hydrofluosilicate of ammonia is evolyed.—One part of the double 
fluoride of boron and potassium dissolves in 70°4 parts of cold, and in a 
somewhat smaller quantity of hot water. Solutions of ammonia, caustic 


potash and soda, and their carbonates, do not dissolve it more readily — 


than water, and suffer it to crystallize out unchanged on cooling. If 
fluoride of siliclum and potassium is present, ammonia decomposes it, and. 
the purer compound crystallizes out. Fluoboride of potassium is slightly 
soluble also in boiling alcohol, and crystallizes out again as it cools. 
(Berzelius, Pogg. 2, 118.) 


PoTAssIuM AND NITROGEN. 


A. NirripE oF Porass1um.—Formed by heating amide of petassium to 
redness in a close vessel.—Greenish-black, infusible. (Gay-Lussac & 
Thénard). After more powerful heating, it is black, with somewhat less 
lustre than black-lead; opaque, very brittle, grey when powdered; does 
not melt at a red heat; conducts electricity. (H. Davy.)—Separates at 
a very high temperature into potassium and nitrogen gas; generally 
takes fire spontaneously in the air, and burns with a dark red flame; 
evolving nitrogen gas if burnt in oxygen or heated with red oxide of 
mercury. ffervesces violently with water, and yields potash and ammo- 
nia, with a trace of hydrogen, 

K°N + 3HO = 3KO + NH’. 


Unites with phosphorus or sulphur when heated, forming a highly inflam- 
mable mixture, which, when it comes in contact with water, evolves 


a 
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phosphuretted hydrogen or sulphuretted hydrogen gas, as well as ammo- 
nia, (H. Davy.) 


Calculation. 
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B. Amipr of Porassium. Olive-coloured compound of Potassium, 
discovered by Gay-Lussac & Thénard.—Potassium gently heated in 
ammoniacal gas, fuses with considerable effervescence, assuming a blue, 
green, and ultimately an olive-green colour. The heat must then be 
immediately withdrawn. Potassium which separates one measure of hy- 
drogen gas from water, causes the disappearance of nearly 2 measures of 
ammoniacal gas—less, however, at a higher than at a lower temperature 
—always setting one measure of hydrogen free. (Gay-Lussac & Thénard.) 
The compound is an imperfectly crystallized greenish brown mass, without 
metallic lustre (Gay-Lussac & Thenard), exhibiting a brown colour by 
transmitted light, but only when in extremely thin scales; sinks down 
quickly in oil of sassafras; fuses a little aboye 100°; does not conduct 
electricity, (H. Davy.) 


Calculation. 
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Decompositions.—1, Amide of potassium effervesces at a temperature 
below redness, evolving scarcely anything but ammoniacal gas, and remain- 
ing green. When heated to dull redness, it evolyes decomposed ammoniacal 
gas, 7. ¢. hydrogen and nitrogen gases, in the proportion, by volume, of 
3:1, together with undecomposed ammoniacal gas, the quantity of which 
continually increases; it then becomes greenish black and infusible (nitride 
of potassium). The whole of the gas evolved, considered as ammoniacal 
gas, does not quite amount to 2 of the quantity absorbed in the forma- 
tion of the amide of potassium. (Gay-Lussac & Thénard.) 

3(K, NH?) = K®N + 2NH3, 

—2. Heated with easily fused metals, it evolves nitrogen and ammoniacal 
gas, with but little hydrogen; and there remains an alloy of potassium 
with a portion of the black substance (nitride of potassium). (Gay- 
Lussac & Thénard.)—3. Fused in oxygen gas, it burns with brilliant 
emission of sparks, evolving nitrogen and passing to the state of hydrate 
of potash. Ata red heat, it also burns rapidly in the air. (Gay-Lussac 
& Thénard, H. Davy).—4. With water it forms hydrate of potash, be- 
coming heated and often inflamed, and evolyes—if an excess of water 
is avoided—exactly the quantity of ammoniacal gas previously decom- 
posed by the potassium; no hydrogen is evolved unless free potassium is 
present. In the air, it likewise separates into ammonia and hydrate of 
potash. Hydrated acids and alcohol act like water. Rock-oil does not 
decompose it. (Gay-Lussac & Thénard, Recherch. 1, 3837; H. Davy, Phil. 
Lrans. 1809, 40 and 450.) 


C. Nirrire or Porasu.—1. Nitre is kept at a red heat for a long 
time, the mass dissolved in boiling water, and the undecomposed nitrate 
of potash left to crystallize out first. The mother-liquor, on further 
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evaporation and cooling (or by being neutralized with acetic acid and : 


mixed with twice its volume of alcohol of 90 per cent. Mischer, Pogg. 
77, 115), deposits crystals of the nitrite. Deiman (Scher. J. 7). 273) 
supposed that a compound of nitric oxide and potash must exist in the 
mother-liquor, because the irregularly crystallized mass of salt obtained 
on evaporating that liquid, evolved nitric oxide gas when mixed with 
acids; this reaction may, however, just as well proceed from nitrite of 
potash. For the same reason, Hess (Pogg. 12, 257) considered nitrite 
of potash as a compound of nitric oxide and potash. (See, however, IL., 


382.)—2. Vapour of hyponitric acid evolved by heating fuming nitric . 


acid, or the vapour produced by heating starch with nitric acid, is 
passed into solution of potash. By this process, nitrate of potash 1s 


formed at the same time. (Fritzsche, Pogg. 39, 184.)—8. Nitrite of 


lead is precipitated by carbonate of potash (Berzelius), or nitrite of silver 
by chloride of potassium. (II. 381.)—White crystalline deliquescent salt, 
without alkaline reaction. ; | 


D. Nitrate oF Potase.—Saltpeire, Prismatic Salipetre, Nitre, Pot- 
ash-nitre, Nitrum.—This salt is found in many places on the earth’s 
surface where organic matter has been decomposed, especially in hot 
climates, as in India, South America, and Spain.—(For the mode of its 
formation, wd. Il. 388.) Hydrate of potash emits light when sprinkled 
with nitric acid in the dark. (Heinrich.) ; 


Preparation.—1. The earth of certain regions in the Hast Indies, | 


rich in nitre, is exhausted with water, and the solution evaporated to the 
crystallizing point.—2. Azotized organic substances both of the vegetable 


and animal kingdom, after they have begun to putrefy by exposure 


to the air in a dark place,—are mixed with substances containing potash, 
lime, or magnesia, in the state of carbonates—heaped together in ridges 


(saltpetre-walis) or low pyramids (saltpetre-mounds)—moistened with drain- 
- ings from dung-heaps, urine, &c., and exposed to the air. By exhausting - 


this saltpetre-earth with water, after the lapse of months or years, the crude 
saltpetre-ley is obtained, containing—besides nitrate of potash—the nitrates 
of lime and magnesia, chloride of potassium, chloride of sodium, and 
organic matter, &c. From this, after sufficient evaporation, the greater 

art of the lime and magnesia is precipitated by carbonate of potash. 
(Sulphate of potash may likewise be used to throw down the lime.) The 
decanted liquid is evaporated to a considerable extent, whereupon the 
greater part of the chlorides of potassium and sodium crystallizes out and 


is separated mechanically. The concentrated liquid yields, on cooling in~ 
the crystallizing vessels, raw nitre or saltpetre, which, by repeated solu- 


tion in hot water and recrystallization, is converted into purified nitre. 
This is further purified, on the small scale, by several recrystallizations.— 


Eyen purified nitre still contains chlorides. From these it may be freed 


by recrystallization, according to the method already described; (I., 15), 
or, according to Grote (VV. Br. Arch. 15, 192), by pounding the nitre, 
moistening it with =), its weight of nitric acid and a small quantity of 
water in a porcelain dish, stirring all the while—evaporating the liquid 
to perfect dryness—and repeating the process with a smaller quantity of 
acid, if the salt still contains chlorine.—Or, by precipitation with nitrate 
of silver or subnitrate of mercury, filtering, and then decomposing the 
excess of metallic salt by sulphuretted hydrogen. 

Nitre is dimorphous; a. Its ordinary form belongs to the right pris- 
matic system. (Jig. 54, 55, 56, and other forms); « : % backwards = 
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119°; w:2t = 61°; wor ws: ¢ = 1203°. Sp. gr. = 1:933. (Mattson), 
2-058 (Kopp), 21006 (Karsten.) Large crystals crack with the warmth 
of the hand.—d. More rarely, nitre crystallizes in the obtuse flattened 
rhombohedrons of nitrate of soda. (Zig. 141), (I., 101.)—Both kinds of 
erystals are anhydrous.—Nitre fuses below a red heat, without loss, and 
contracts on cooling to a white, opaque, fibrous mass, Warum tabulatum, 
Mineral Orystal.—Melted in a thin layer on glass, it solidifies, on cooling, 
in transparent masses, cre of but few individual crystals, which, by 
examination with the micre$cope, are observed, when touched by a needle 
(or after a few minutes,"even of themselves) to undergo a change, com- 
mencing from the poinf’of contact and extending through the whole mass. 
(Talbot, Phil. Mag. An. 12,145.) [Probably a transition from the rhom- 
bohedral to the right prismatic system.|—Permanent in the air—Taste, 
sharp, bitter, and cooling. 


Calculation. Thomson. Wollaston, Longchamp. Wenzel. 
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Bérard. Curaudau. Berthollet. Dalton. Thénard. Richter. Laugier. 
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At a red heat, it evolves oxygen gas, at first tolerably pure, but 
afterwards contaminated with.a constantly increasing quantity of nitrogen, 
and is thereby converted first into nitrite, and then into pure potash and 
peroxide of potassium. Vessels of earthenware and glass, when used for 
this process, are corroded, in consequence of the potash dissolving out silica; 
and most metallic vessels become oxidized, the oxide produced uniting 
with the potash: silver and gold resist better than platinum. .Nitre deto~ 
nates in the fire with charcoal and other combustible bodies, as sulphur, 
phosphorus (with the latter according to Brugnatelli, even when struck 
with a warm hammer), iron and zinc; it even oxidizes silver, gold, and 
platinum. (Vid. II., 400.) 

The following applications of nitre depend on these decompositions: 

1. For the preparation of oxygen gas. 

2. Gunpowder (x mixture of 6 parts of nitre, one part of sulphur, 
and one part of charcoal, or more accurately, of 101:2 parts [one At.] of 
nitre, 16 parts [one At.] of sulphur, and 18 parts [3 At.] of charcoal), is 
decomposed at an elevated temperature, with vivid combustion and explo- 
sion, into nitrogen and carbonic acid gases, which acquire at that heat a 
high degree of elasticity—and protosulphide of potassium, which likewise 
assumes the form of vapour ; 


KO, NO’ + S + 83C = KS + N + 3C0% 


An excess of carbon remains mixed with the sulphide of potassium, 
which, if air is present, may be partially burnt and converted into sul- 
phate of potash. 

- 8, Powder of Fusion, or Baume’s Quick-flux. A mixture of 3 parts of 
nitre, one part of sulphur, and one part of sawdust, which, if set on fire in 
a walnut shell filled with it, burns with so much heat, that a small silver 
or copper coin exposed to it, is melted in a moment, | 
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4, Detonating-powder, a mixture of 3 parts of nitre, 2 parts of pearl- 
ash, and one part of sulphur, very dry, finely mixed and slowly heated. 
It explodes with a very loud report, and often fractures very strong vessels. 
The detonation occurs according to M. Meyer (J. pr. Chem, 2, 110) at 
164° (827:2° F.) as soon as all the sulphur is in a state of fusion, without 
any previous escape of carbonic acid gas. Meyer supposes that the action 
depends upon the sudden evolution of nitrogen and carbonic acid gas, 
while sulphate of potash is formed; and 8 atoms (303°6 parts) of nitre, 
2 atoms (98°4 parts) of carbonate of potash, and 5 atoms (80 parts) of sul- 
phur are concerned in it. 


3(KO, NO*) + 2(KO, CO%) + 58 = 5(KO, 80%) + 38N + 200%. 


5. Lucifer Matches: 9 parts of phosphorus, 14 parts of nitre, 16 parts 
of finely powdered manganese or red lead, and 16 parts of gum-arabic; for 
a description of the process wid. Bottger (Ann. Pharm. 37,118). Other 
mixtures of this kind contain also sulphur, chlorate of potash, nitrate of 


lead, peroxide of lead, &c. 


Nitre dissolves in water, producing great cold. One part dissolves at 
0° in 13°32, at 18° in 3°45, at 45° in 1°34, and at 97° in 0°424 parts of 
water (Gay-Lussac) ; it dissolves at 18° in 3°4 parts of water, forming a 
liquid of specific gravity = 1:1601 (Karsten) ; in 3°62 parts of water at 
18°, forming a liquid of specific gravity = 1°151 (Longchamp) ; it dis- 
solves in 4 parts of water at 16°, m 4 part of boiling water, and in 100 
parts of alcohol. (Riffault.) The presence of nitrate of lime or common 
salt in the water enables it to dissolve a much larger quantity of nitre, 
(Lemerg, Vauquelin, Longchamp, Ann. Chim. Phys. 9, 5.) Bie 

Powdered nitre absorbs the vapour of anhydrous sulphuric -acid 
abundantly at ordinary temperatures, and is converted into a greasy mass 
which afterwards hardens, and, if heated or kept for some time, evolves 
vapour of nitrous acid. (H. Rose, Pogg. 38, 122.) 


K. Boro-NiTRIDE oF Potass1um?—A mixture of 7 parts (2 At.) of 
vitrefied boracic acid and 20 parts (3 At.) of dry cyanide of potassium kept 
at a white heat for an hour in a covered charcoal crucible, yields a white, 
porous, brittle, infusible mass, insoluble in water, hydrated acids, or alka- 
lis, even when boiled,—not decomposed at a red-heat, either by chlorine 
gas, or by potassium, or other metals,—but evolving ammonia in abun- 
dance if heated in contact with steam or hydrate of potash, and detonating 
when thrown on chlorate or nitrate of potash in a state of fusion. 


2B03 + 3(K, NC?) = K3N°B? + 6CO. 
(Balmain, Phil. Mag. J. 21, 270.) 


_ _F. Sunpaire or Nitric Oxipz anp Porasu,.—1l, An aqueous solu- 
tion of potash completely absorbs a mixture of 2 measures of nitric oxide 
and one measure of sulphurous acid gas.—2. Nitric oxide gas is passed 
through a solution of sulphite of potash mixed with potash and contained 
in a Woulfe’s apparatus.—Colourless, irregular, six-sided prisms, similar to 
those of nitre; inodorous, bitter, and neutral. Remains unaltered at 115°; 
decomposed at 130° into nitric oxide gas and sulphite of potash. All 


acids, even the weakest, as well as spongy platinum, oxide of silver, - 


chloride of barium, manganous sulphate, oxide of copper or zinc, and 
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acetate of lead, decompose this potash salt,—though more slowly than 
the corresponding salt of ammonia—into 20 per cent. of nitrous oxide, 
and 80 per cent. of sulphate of potash. It dissolves very readily in water, 
and is decomposed in solution, even. by a slight elevation of temperature ; 
insoluble in alcohol. (Pelouze, Ann. Cham. Phys. 60, 160.) 


Crystallized. 
KO wan iissdldidsonteres ATID visetibestic 43°22 
NO? iisssstiossisnitinion B00 issstsicsoas 27°47 
BO? + ip sspscesy stbssedeceiie BQO sijcringivns 29°31 
KO, NO?, SO?........ DS ey  cksk ca jesuce 100°00 


“ G. PyropnospHate or PorasH anp Ammonta,—Prepared by 
saturating acid pyrophosphate of potash with ammonia, and evaporating 
the solution over a mixture of burnt lime and sal-ammoniac. White deli- 
quescent salt. Its solution has an alkaline action, and evolves ammonia 
when boiled— being converted into acid phosphate of potash. Nitrate of 
silver precipitates it white, and the supernatant liquid is acid to test 


paper. 


; Calculation. Schwarzenberg. 
DELO}! ciissticnedsssigitaccsigsdedcdd bacsansbibpavins GA'd Gas. BS'HG | sirens 33°65 
PAHS . ysactsenssasssijioo oevevsenen fitnisels U7'R: has 6°04 sisi 6°61 
| EN OER CEM Te eee yn Titi Y42°S" frsssoes  BO°SO. ‘issrsnys 50°41 
EN IN oe ets oe cuvesddaaononsons iat PGR SH S GUL achsices 9°33 
2KO, PO’ + NH‘40, HO, PO®+ Aq. 281°2 wan 100°00 a... 100°00 


(A. Schwarzenberg, Ann. Pharm. 65, 2.) 4. 


H. Suupuate or Potash aND AmMontA.—Scaly, shining, bitter 
crystals, unacted on by the air, and leaying neutral sulphate of potash 
when ignited, (Link, Crell, Ann. 1796, 1, 29.) 


PoTASsiIuM AND POTASSIUM. 


A. BisutpHate or PorasH wit Brnropate oF Porasn.—KO, 
9803 + KO,210°—The mother-liquor of biniodate of potash (III., 52) 
yields this compound, on further evaporation, in transparent crystals 
which contain 46°8 per cent. of iodine, and when heated to redness, leave 
18°36 per cent. of sulphate of potash, evolving oxygen gas and vapour 


of iodine. If the solution in water is left to evaporate spontaneously, 
biniodate of potash crystallizes out, leaving the bisulphate in the mother- 


liquor, (Serullas, Ann. Chim, Phys. 43, 117.) 


B. CHLoripE oF PotasstumM AND CARBONATE OF PoTASsH in atomic 


_ proportions heated over the spirit-lamp, melt to a clear thin liquid, which, 


as it cools, solidifies to a white, scaly mass, and if heated to redness with 
boracic acid, yields carbonic acid, but no phosgene gas. (Débereiner, Pogg. 
55, 240.) 


C. Cutormer or Porasstum AND SuLPHATE oF Porasn in atomic 
proportions fuse very easily to a clear liquid, which yields, on cooling, a 
homogeneous, translucent—sometimes fibrous, sometimes granular mass. 


_ (Dobereiner.) 
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D. Cuore or Porasstum wit Brvropate or Porasn.—l. An 
aqueous solution of terchloride of iodine is mixed, not quite to saturation, 
with caustic potash or carbonate of potash, and the liquid left to evapo- 
rate spontaneously. (Serullas.) Probably thus:— 


KO + 4ICB + 10HO = KO, 210° + 2ICl + 10HCI1. 


The addition of potash to chloride of iodine causes a precipitation of 
iodine, which, however, redissolves immediately as long as the liquid re- _ 
mains acid; if it be left in this condition, the pure compound crystallizes — 
out; but by a greater concentration of the solution, it becomes mixed with 
more or less of the double chloride of iodine and potassium; if hydrochloric 
acid is added to the solution, crystals of this compound alone are produced.. 
(Filhol.)—2. Hydrochloric acid is heated with iodate of potash. (Se- 
rullas. ) 

2(KO, IO’) + HCl = KCl + KO, 210® + HO. 


The hydrochloric acid must be diluted with 12 times its volume of water, 
in which case no chlorine is evolved and no double chloride of iodine 
and potassium formed. (Filhol.) When a solution of chloride of potassium 
and biniodate of potash is evaporated, the latter salt crystallizes out by 
itself; the presence of free hydrochloric acid is necessary to the formation 
of this compound. (Serullas.) Brilliant, transparent, colourless prisms, and 
elongated four-sided tables with truncated terminal edges; it reddens lit- 
mus. 


Calculation, according to Serullas. 


KC eee ee 75 oe ee 16°44 
KOTO A Re ee 879-2 ne 83°56 
KCl + Os21O' see ABSS deere: 100-00 


100 parts of the salt contain 54:2 parts of iodine and 7°396 parts of chlo- 
rine. (Serullas.) The crystals effloresce in the air. The salt on being 
heated to redness, leaves 66 per cent. of iodide of potassium mixed with 
a small quantity of chloride. Itis soluble in 19 parts of water at 15°. 
(Serullas, Ann. Chim. Phys. 43, 121.) As the compound, when treated 
with cold alcohol, leaves chloride of potassium, it is probably a mere mix- 
ture of the two salts. (Filhol, J. Pharm, 25, 506.) 


OTHER CoMPoUNDS OF PoTASSIUM. 


With many metals, as with sodium, arsenic, antimony, tellurium, bis- 
muth, zine, tin, lead, iron, mercury, and platinum. These compounds are 
obtained, sometimes by galvanic action, sometimes: by the immediate con- 
tact of potassium with the metals or their oxides, sometimes again by the 
ignition of a mixture of charcoal and carbonate of potash, (e. g. carbonized 
tartar) with the metal in a state of fine division. (Vauquelin, Ann. Chim. 
Phys. 7, 32; also V. Tr. 3, 1, 282; Serullas, J. Pharm. 6, 571; J. Phys. 
91, 123; 93,115.) The potassium in most of these alloys is rapidly 
oxidized by the oxygen of the air and of water; many of them, when 
placed on mercury covered with a thin stratum of water, assume a con- 


tinuous rotatory motion which goes on till the potassium is completely 
oxidized. (1., 81.) 


Cuapter II. 


spon dU. M. 


Natron-metall, Natronium, Natrium. 


History. From soda—which was formerly confounded with potash, 
but proved to be a distinct substance by Duhamel in 1736, and subse- 
quently by Marggraf in 1758—Sir H. Davy first obtained this metal in 
the year 1807. | 


Sources. As chloride of sodium, in rock-salt, sea-water, salt-springs, 
many mineral waters and springs; rarely, as carbonate, borate, and sul- 
phate of soda, either in springs, lakes, &c., or in the solid state; abun- 
dantly, as nitrate of soda; further in Glauberite, Gay-Lussite, kryolite; 
and in combination with silica and other earths in chabasite, analcime, 
natrolite, Thomsonite, eudialite, albite, soda-spodumene, labrador, nephe- 
line, hauyne, sodalite, brewicite, cancrinite, and achmite; in very small 
quantity also in bole, pitchstone, pumice-stone, obsidian, ittnerite, and 
pinite; traces of soda-salts are also found in coal, in all kinds of lime- 
stone and dolomite, in talc, asbestos, emerald, manganese, red hematite, 
native molybdate of lead and sulphide of antimony. (Kuhlmann, Ann. 
Pharm, 41, 220; A. Vogel. J. pr. Chem. 25, 230.) In the vegetable 
kingdom it occurs as sulphate, hydriodate, and hydrochlorate of soda, and 
combined with vegetable acids, especially in plants growing in or near 
the sea; in the animal kingdom, combined with carbonic, phosphoric, sul- 
phuric, hydrochloric, and various organic acids. 


Preparation. Similar to that of potassium.—1. By electricity. The 
decomposition of hydrate of soda is more difficult than that of hydrate 
of potash. (H. Davy.)—2. From hydrate of soda and iron at a white- 
heat. Sodium being less volatile than potassium, Gay-Lussac & Thénard 

(Recherch. 1, 97) employ in their process hydrate of soda with which a 
very small quantity of hydrate of potash is mixed, and separate the 
potassium from the resulting alloy by keeping it in thin plates, under rock- 
oil in vessels not completely closed: under these circumstances, the potas- 
sium oxidizes first —3. From carbonate of soda and charcoal in the mer- 
cury-bottle. The preparation of sodium by this method is easier than that 
of potassium. Since sulphate of soda, if mixed with the carbonate, becomes 
reduced to sulphide of sodium, which acts on the iron-bottle, it 1s neces- 
sary to use pure carbonate of soda, such as is obtained by the ignition of 
acetate of soda. When the quantity of charcoal is too small, the mass 
fuses, spirts into the tube, and chokes it up. 1 lb. of dry finely-divided 
carbonate of soda intimately mixed with 1 lb. of fine charcoal powder, 
and then with 3b. of charcoal in coarser grains, yields 43 oz. of sodium, 
with very little black residue, and without stopping up the tube in the 
least. (Schiidler, Ann. Pharm. 20,2.) 66 oz. of crystallized carbonate of 
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soda may also be heated to dryness in an iron vessel, stirring all the 
while, with 6 oz. of finely-divided charcoal, and 12 oz. of coarse charcoal 
powder added to the pulverulent mass. (Gmelin.) To purify the globules 
of sodium, Schidler ties them up in strong and not very fine linen, heats 
them in rock-oil to the boiling point, and presses out the sodium which 
then runs together. 


“° . Properties. Silver-white, with a high lustre. Sp. gr. = 0:9348 (H. 
Davy), 0:97223 at 15° (Gay-Lussac & Thénard); crystallizes in cubes 
(Schadler). Recently cut sodium put into oil of turpentine exhibits 

’ *erystalline markings on the cut surfaces. (Bottger.) At — 20° it is rather 

«hard; at 0°, very ductile; at ordinary temperatures, of the consistence of 
wax; at 50°, semi-fluid; at 90°, perfectly so. Less volatile than potas- 
sium, according to Sir H. Davy, and also Gay-Lassac & Thénard; but 
according to Mitscherlich (Pogg. 29, 230), somewhat more so. Vapour 
of sodium is colourless. Sodium is an excellent conductor of heat and 
electricity. (H. Davy.) | 

Atomic weight of sodium, 22°97. (Pelouze, Compt. Rend. 20, 1047.) 


Compounds of Sodium. 
SopIuM AND OXYGEN. 
A. SwsBoxipr oF SopIvuM. ° 


7 This compound is obtained in the same manner as suboxide of potas- 
_ sium. Dark grey (H. Davy), greyish-white (Gay-Lussac & Thénard), 
dull, brittle mass; more combustible than sodium. Decomposes water. 


B, Sopa. NaQ, 
Protoxide of Sodium, Mineral Alkali, Soude, Natrum, Natron. 


*-- Formation.—1. By burning sodium in dry air or oxygen gas at a 
very high temperature. (H. Davy.) Sodium requires a much greater heat 
than potassium to make it burn rapidly, but it then burns like potassium, 
with white light and emission of sparks. (H. Davy.) It does not 
oxidize at ordinary temperatures in perfectly dry air. (Bonsdorff, Pogg. 
41, 296.) | . 
2. Sodium dissolves rapidly in water, out of contact of air, forming a 
solution of soda, with great evolution of heat and hydrogen gas. It 
gradually oxidizes in the air by decomposing a part. of its: water and 
absorbing another portion to form hydrate of soda, which forms a crust 
round the remaining metal. Thrown on water exposed. to the air, it 
swims about, presenting the appearance of a silvery, fused, constantly 
decreasing globule, and producing a constant hissing from the escape of 
hydrogen gas, till the whole is dissolved as soda.—Sodium, in decompos- 
ing water, seems to produce less heat, or requires a higher temperature 
to inflame it, than potassium; for the cooling effect of the mass of water 
prevents the production of sufficient heat to cause combustion. Sodium 
does not take fire on a moistened metallic surface—with difficulty on 
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wet glass—easily on moistened paper or wood, however, and still more 
so on damp charcoal or a thick solution of gum. (H. Davy; Ducatel, 
Sill. Amer. J. 25, 90; Serullas, Ann. Chim. Phys. 40, 829.) ‘The smaller 
the conducting power of the surface on which it rests, the more easily 
does the sodium inflame, When thrown upon hot water, it emits sparks, 
in consequence of pieces of the metal being thrown off and taking fire in 
the air. (H. Davy.) It takes fire on water above 40°, and burns with. 
a brighter flame than potassium. (Balcells, J. Chim, Med, 8, 21.) It. 
takes fire at ordinary temperatures on concentrated phosphorous, phos- 
phoric, sulphurous, sulphuric (either pure, or mixed with not more than 
6 times its bulk of water), hydrofluoric, hyponitric, nitric, and arsenic * 
acids, though it appears in every case to decompose nothing but the ~ 
water; on concentrated hydrochloric, oxalic, or acetic acid, it does not 
take fire. (Gay-Lussac & Thénard.) If the globule of sodium, whilst 
revolying in the water in a state of fusion, be struck with a flat spatula, 
a report follows, attended with splashing of the water, and occasionally 
with fracture of the vessel (Wagner), the sodium being scattered over the 
water in fine globules by the blow, and a considerable quantity of hydro- 
gen gas being thus set free at the same moment. (Couerbe, J: Pharm. 
19; 224. 

3. Eodinm like potassium decomposes—though generally only on ele- 
vation of temperature, and with less powerful combustion—carbonic acid 
and carbonic oxide, boracic acid, phosphoric acid, hyponitrie acid (not 
vapour of nitric acid), arsenious, arsenic, chromic, molybdic, and hydro- 
cyanic acids ; likewise, the oxides of the heavy metals, namely: the oxides 
of chromium, manganese, cobalt, antimony, bismuth, zine, tin, lead, iron, 
nickel, copper, mercury, silver, and platinum; and in every case but that: 
of chromium and manganese, the metal itself is plainly reduced ;—lastly, 
it decomposes the salts of carbonic, sulphuric, nitric acids, &e., and deoxi- — 
dizes, not only the acid, but the base also, if it happens to be the oxide of. 
a heavy metal, (Gay-Lussac & Thénard.) 


Preparation. By burning sodium at a high temperature; or by 
methods similar to those described for the preparation of potash. 


Properties. Grey mass having a conchoidal fracture; fusing at a 
strong red heat; volatilized with difficulty; a non-conductor of electricity. 
(H. Davy.) Soda, obtained by heating sodium with hydrate of soda, 
has a specific gravity of about 2°805. (Karsten.) » Acts like potash on 
yegetable colours and organic matter, but is somewhat less corrosive. 


Gay-Lussac & 


Calculation. . Berzelius. H. Davy. Thénard. 
ee be BA rt, eee 74°3383 ssssnen teen Te 
rr ar FCF ey S881 Tie AR Se BOR 
epee Tee 100°00 secs 100°0000 secs iso... 100-0 


(NaO = 290:°9 + 100 = 390°9. Berzelius.) 


Decompositions. Similar to those of potash. 
Combinations.—a. With water. | 


a, Hydrate of soda—Soda-caustic. Soda mixed with a little water, 
_ passes into the state of hydrate, with great evolution of heat.—Prepara- 
tion: similar to that of potash:—1. From carbonate of soda and lime. To a 
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boiling solution of 8 parts of crystallized carbonate of soda in 15 parts water 
or more, a quantity of cream of lime prepared by slaking one part of lime 
with three parts water, is added by small portions at a time, the whole 
boiled for some time, and treated as for potash. Soda yields its carbonic 
acid to lime more readily than potash. Purification by alcohol may also 
be applied in this case.—2. By precipitating sulphate of soda with baryta- 
water. The process is similar to that for the preparation of potash. The 
tests of purity are also the same. | 

White, opaque, brittle substance, of a fibrous texture; sp. gr. =2-00. 
(Dalton.) Fuses below redness, but is less volatile at a red heat than 
hydrate of potash. Hydrate of soda on platinum wire colours the blow- 
pipe-flame intensely yellow, even if mixed with a large quantity of 
potash. It is not precipated in solution by perchloric acid, sulphate of 
alumina, or chloride of platinum, nor—unless highly concentrated—by 
carbazotic and tartaric acids. 

| Gay-Lussac & 


Calculation. Berard. H. Davy. Thénard. Darcet. 
NaO ....... S12. oi ATL | ieee BTIA Gn 778 276 Bae 


BE lecases 9°0 conve 22°39 ice, 1886 re. bao ow vies OOO Pe 
NaO,HO 40°2 ... 100°00 .... 100°00 .... 100°0 .... 100°00 ,,100°00 .... 100 


B. Crystallized Soda.—Soda crystallizes—only however by great reduc- 
tion of temperature—from an aqueous solution, in colourless, four-sided 
tables which are very fusible. 

y. Solution of Soda.—Liquid Soda, Soda-ley, Caustic-ley, Soap-borlers’ 
ley. Soda, hydrate of soda, and crystallized soda, deliquesce in the 
air till they are converted into carbonate. The first two dissolve in 
water with evolution—the crystals with absorption of heat. Solution of 
soda is obtained in the same manner as solution of potash. It is a colour- 
less caustic liquid. A solution saturated at common temperatures has a 
specific gravity of 1:500, according to Dalton; boils at 130° (266° F.), 
and contains 36°8 per cent. of soda. 100 parts of water dissolve, at 18° 
(64:4° F.), 60°53 parts of hydrate or 41:48 parts of dry soda; at 32° 
(89°6° F.) 72°91 hydrate or 45°72 soda; at 55° (131° F.) 100 hydrate or 
63°53 soda; at 70° (158° F.) 116-75 hydrate or 71:98 soda; and at 80° 
(176° F.) 127-02 hydrate or 78°3 soda. (Osann.) 


Quantity of Soda in a Solution of Soda at 15° (59° F.) according to 
Tunnermann. (N. Tr. 18, 2, 11.) 


Sp. gr. Per cent. Sp. gr. Per cent. Sp. gr. Per cent. Sp. gr. Per cent. 


1°4285 | 30°220 1°3198 22°363. | 1°2392 15°110 1°1042 7°253 
1°4193 29°616 1°3143 21°894 | 1:2280 14°506 1°0948 6°648 
1°4101 29°011 1°3125 21°758 | 1°2178 13°901 1°0855 6°044 
1°4011 28°407 1°3053 21°154 | 1°2058 13°297 1°0764 5°440 
1°3923 27°802 1°2982 20°550 | 1°1948 | 12°692 1°0675 4°835 
1°3836 27°200 1°2912 19°945 | 1°1841 12-088 10587 4°231 
1°3751 26°594 1°2843 19°34] | 1°1734 11°484 1°0500 3°626 
1°3668 25°989 1°2775 18°730 | 1:1630 10°879 1°0414 3°022 
1°3586 25°385 1°2708 18°132 | 1°1528 10°275 1°0330 2°418 


1°3505 24°780 1°2642 17°528 | 1:1428 9°670 1°0246 1°813 
1°3426 24°176 1°2578 16°923 | 1°1330 9°066 1°0163 1°209 
1°3349 23°572 1°2515 16°319 | 1°1233 8°462 1°0081 0°604 
1°3273 22°967 | 1°2453 15°714 | 1:1137 7°857 1:0040 0°302 


(Richter’s Tables, Stochiometrie, 8, 332; Dalton’s Elements, 2, 315.) 
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b. With acids, forming the Sopa-Satts. The affinity of soda for all 
acids is somewhat less than that of potash. The soda-salts are colourless 
unless the acid itself is coloured; they are for the most part fixed in the 
fire. Attached to a platinum wire in the blow-pipe flame, they give a strong 
yellow colour, which is not destroyed but merely weakened, if they 
are mixed with even 20 or 30 times their weight of a salt of potash. 
The flame of alcohol when heated with them, is also coloured yellow. 
The salts of soda are much more disposed than the corresponding salts of 
potash to unite with a large quantity of water of erystallization, and thus 
form efflorescent salts (e. g. sulphate of soda and sulphate of potash). 
Nearly all soda-salts dissolve readily in water. The solution is not pre- 
cipitated by perchloric acid, sulphate of alumina or bichloride of platinum, 
nor, when sufficiently diluted, either by tartaric or carbazotic acids. With 
hydrofluosilicic acid they yield a gelatinous precipitate. This, when 
viewed under the microscope, is seen to consist of six-sided crystals, 
whereas that obtained with salts of potash is gelatinous and amorphous. 
(Harting, J. pr. Chem. 22, 50.) Soda forms double salts, especially with 
the salifiable bases already enumerated under the head of potash, 


c. With the earths, soda forms compounds similar to those of 
potash. 


d. Also with the oxides of the heavy metals mentioned under potash. 
e. Also with various organic substances. 


©, Prerox1pE oF SoDIUM. 


Formation.—1. By burning sodium in dry air or oxygen gas, on a 
piece of platinum or silver fused over with common salt, the heat being 
applied—not too strongly—from without.—2. By heating to redness soda 
or hydrate of soda in contact with air or oxygen gas, or by the ignition 
of nitrate of soda. 


Properties. Dirty greenish yellow substance, less fusible than hydrate 
of soda or peroxide of potassium, and a non-conductor of electricity. 
When sodium is converted into peroxide by burning, it unites with 13 
atoms of oxygen, according to Sir H. Davy; with a somewhat larger quan- 
tity, according to Gay-Lussac & Thénard. Millon (J. pr. Chem. 18, 298) 
is of opinion that the peroxide contains 2 atoms of oxygen. From the 
great analogy between potassium and sodium, it may be supposed that 
pure peroxide of sodium contains 3 atoms of oxygen; as yet, however, it 
has only been obtained mixed with soda. 


Decompositions.—1. By water, into oxygen gas and solution of soda; 
by carbonic acid gas, with great elevation of temperature, into oxygen 
gas and carbonate of soda.—2. It is decomposed without inflammation, 
when strongly heated with charcoal or tin; and with violent inflamma-. 
tion, when heated with phosphorous or sulphurous acid gas; in the latter 
case, sulphide of sodium and sulphate of soda are formed, (Gay-Lussac & 
Thénard. ) 
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Sopium AND CARBON. 


CARBONATE OF SODA. 


a. MonocarBonaTe.—Berthollet’s Basic Carbonate of Soda, Soda, . 


Mild Mineral Alkali, Alkali minerale fixum.—Found in the soda lakes of 
Egypt, Hungary—where it effloresces on the soil, &c.; effloresces abun- 
dantly on walls. The salt found on the walls in the towns of Flanders, 
consists of carbonate and sulphate of soda, and is derived partly from the 
soda-salts in the limestone used in the preparation of the mortar, and 
partly from soda contained in the coal with which this limestone has been 
burned. (Kuhlmann, Ann. Pharm. 38, 42.) Sulphate of soda mixed with 
a small quantity of carbonate effloresces on walls in Bavaria. (A. Vogel, 
J. pr. Chem. 25, 230.) 


Preparation.—1. By simple collection. In Egypt, in the desert of 
Thaiat in the western Delta, there is a pit four leagues long and a quarter 
of a league wide, which, during the winter months, becomes filled to the 
height of six feet with violet-coloured water; on the evaporation of this 
water, carbonate of soda remains and is loosened with iron poles. The 
residue is contaminated with 36 per cent. of common salt and 16 per cent. 
of sulphate of soda, besides sand; but after the purification to which it is 
subsequently submitted, only 10 per cent. of sand, 4 of common salt, and 
1 of sulphate of soda. The carbonate of soda contains rather more than 
one, but less than 14 atoms of carbonic acid. (Pontet, J. Chim. Med. 6, 
197.)—In Hungary, at Shegedin in Little Cumania, carbonate of soda 
effloresces on the ground. It is gathered before sunrise; the grey powder 
dissolved out by water; the solution thus obtained evaporated to dryness; 
~ and the residue heated to redness to destroy organic matter. The mass 
contains sulphate of soda and common salt mixed with the carbonate. 
(A. Werner, J. pr. Chem. 18, 126.) 

2. Native Soda, the Barilla of Spain, Blanquette at Aiguemortes and 
Frontignan, Salicor at Narbonne, Varec in Brittany and Normandy, Kelp 
in Scotland; the ashes of plants growing in and close to the sea, gene- 
rally prepared by burning them in trenches. Sea-shore plants: Various 
species of Salsola, Salicornia, Atriplex, Statice, Batis, Mesembryanthemum, 
Chenopodium, Triglochin, Reaumuria, &c. Sea-plants: Various species 
of Fucus. The soluble portion of the ash contains carbonate, sulphate, 
and hyposulphite of soda, sulphide, iodide, bromide, chloride, and ferrocy- 
anide of sodium, and frequently also the corresponding compounds of 
potassium ; the insoluble part contains carbonate and phosphate of lime, 
sulphide of calcium, magnesia, alumina, silica, sulphide of iron, and char- 
coal. The soda is combined with vegetable acids in these plants, and 


becomes converted into carbonate by combustion; it is originally derived 


from the common salt present in the soil or the sea-water. The ash of 
sea-plants is much poorer in carbonate of soda, and contains a much larger 
quantity of salts of potash than that of plants growing on the shore. 
According to Lampadius, soda from Alicant contains 26, Silician soda 23, 
that from Narbonne 14, Norwegian kelp 6, and Scottish kelp only 3 per 
cent. of anhydrous carbonate of soda. By exhausting the soda with water 
and evaporating the liquid, crystallized carbonate is obtained, and is puri- 
fied by repeated crystallization. | 
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3. Artificial Soda. A mixture of two parts of dry sulphate of soda, 
2 parts of carbonate of lime (chalk or limestone) and one part of charcoal, 
is heated to redness in a reverberatory furnace, the fused mass being con- 
stantly stirred with an iron rod. (Leblanc, Dizé.) The sulphate of soda 
is reduced by the charcoal to the state of sulphide of sodium, with evolu- 
tion of carbonic oxide gas; and the sulphide of sodium is converted by 
the carbonate of lime into sulphide of calcium—which, by taking up free 
lime, becomes insoluble—and carbonate of soda. 


3(CaO, CO?) + 2(NaO, S08) + 9C = CaO, 2CaS + 2(NaO, CO?) + 10CO. 


Part of the carbonic acid, however, escapes from the carbonate of lime, 
so that the mass, besides carbonate of soda, contains a variable but always 
large amount of caustic soda. The addition of manganese—recommended 
by some for the purpose of forming carbonic acid by oxidizing the excess 
of charcoal—may, at the same time, reconvert the sulphur of the sulphide 
of calcium into sulphuric acid. To obtain the pure carbonate from this 
artificial soda, it is exhausted by water; the solution boiled down in leaden 
pans; and the carbonate of soda with one atom of water, which precipi- 
tates in the form of flowers of soda (Natron-mehl), taken out of the liquid 
as it solidifies. The mother-liquor contains caustic soda, which, by differ- 
ent methods—e. g. evaporating and heating to redress with saw-dust—is 
again converted into carbonate. 


4. Other modes of preparing carbonate of soda from the sulphate.—a. 100 
parts of anhydrous sulphate of soda are heated to redness with 20 parts of 
charcoal; to the sulphide of sodium thus produced, 20 parts of iron turn- 
ings are added ; then 8 parts of charcoal, then 12:5 parts of iron, and 
lastly 3 parts of charcoal; and the mixture of sulphide of iron and caustic 
soda thus obtained, is exposed to the air to absorb carbonic acid. (Alban. )— 
b. Sulphate of soda is converted into sulphide of sodium, by heating it to 
redness with + of its weight of charcoal in a erucible; the sulphide is dis- 
solyed in water—converted, by boiling with oxide of copper, into sulphide 
of copper and soda-ley; the solution decanted and evaporated, in order that 
any undecomposed sulphate of soda may crystallize out; and the remain- 
ing liquid mixed with charcoal powder and evaporated to dryness: the 
residue is then heated to redness and exhausted with water, and the solu- 
tion left to crystallize. (Priickner, Schw. 67, 102 and 113.)—e. Through 
an aqueous solution of sulphide of sodium obtained in the same manner, 
carbonic acid is passed till sulphuretted hydrogen ceases to be evolved. 
(Gren.)—d. The sulphide of sodium is converted into acetate of soda by 
means of pyroligneous acid—then evaporated and heated to redness. (Marg- 
eraf.)—e. Sulphate of soda dissolved in water is decomposed by acetate of 
lime; filtered; evaporated to dryness; and raised toared heat. (Lampadius.) 
—f, Man decomposes sulphate of soda with carbonate of potash; the sul- 
phate of potash crystallizes out first, and afterwards the carbonate of 
soda. (Hagen.)—g. An aqueous solution of sulphate of soda is stirred 
up in the cold with carbonate of baryta—then filtered and evaporated, 
(Kolreuter. ) 


5. From common salt.—a. One part (1 At.) of common-salt, dissolved 
in 8 parts of water, is digested with 4, or sometimes with 7°4 parts 
(4 At.) of powdered litharge; a bulky white mass of tetrachloride of 
- lead is formed, and the liquid is found to contain caustic soda. (Scheele, 
Chaptal.)—d. When a moistened mixture of common salt and slaked 
lime is placed in a cellar, a small quantity of carbonate of soda effloresces 
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out. (Scheele.)—c. When carbonate of potash is dissolved in water together 
‘with common salt, and the solution evaporated, crystals of chloride of 
potassium separate from it first, and carbonate of soda afterwards. 

{ Bodo Unger, in an elaborate paper (Ann. Pharm. 66, 240; 67, 78) 
on the preparation of carbonate of soda, gives the following minute ana- 
lysis of raw soda prepared from sulphate of soda, lime, and charcoal: the 
analyses of soude salée, sal de Varec rafiné by Girardin, are added for 
the sake of comparison. 


Bodo Unger. Girardin. 
Soude Salée. Rouen. Havre. 

NaO, SO? ............ 1°99 46°90 23°91 65:0 
URE Porches nde ssoeace 2°54 23°19 16°94 2°0 
iTS OLS. 6 Jeanie aneee 23°57 NaS iste 30°0 
NaOHO _............. 11°12 
CaQCO? _ .........0 12°90 
3CaS, CaO....,....00 34°76 Cas wet . 20°41 52D 
Ld at ee ll a a 2°45 
MgO, SiO? ......... 4°74 
Charcoal...:..é..3.0064 1°59 
SATE: viecioscesscessegeas 2°02 8°40 6°00 3'0 
NUE 2) Ra fourm at pay igi b.1) 1:10 1°00 

99°78 100°00 100-00 100°04 


Purification of Carbonate of Soda.—By repeated re-crystallization. 
Gay-Lussac (Ann. Chim. Phys. 55, 221; Ausz, Ann. Pharm. 12, 15), 
washes the ordinary commercial crystals with cold water; dissolves them 
in hot water; and cools the solution rapidly by surrounding it with cold 
water, stirring it all the time with a spatula, so that small crystals may 
be formed: these he collects on a funnel; and, after the mother-liquor has 
drained off, washes them with cold water till the drainings mixed with 
excess of nitric acid no longer give a precipitate with nitrate of silver. 

Impurities :—Sulphide of Sodium: evolves sulphuretted hydrogen 
with acids. Hyposulphite of Soda: Hydrochloric acid liberates sulphur- 
ous acid and gradually precipitates sulphur.—Swlphate of Soda: Precipi- 
tate with chloride of barium and excess of dilute hydrochloric acid.—Com- 
mon Salt: Precipitate with nitrate of oxide of silver and excess of nitric 
acid. Serro-cyanide of Sodium: Blue or green colour on the addition 
of a ferroso-ferric salt, and then hydrochloric acid in excess.—Salts of 
Potash: See the reactions of these (III., 15).—Carbonate of Lime: This 
salt dissolves in water containing carbonate of soda, and remains mixed 
with it even after frequent recrystallization. The solution cooled down 
to 0°, deposits a compound of carbonate of soda and carbonate of lime in 
the form of a white crystalline powder, but still retains a portion of lime, 
which gives a cloud with oxalic acid. (Bauer, Pogg. 24, 367.)—Carbo- 
nate of Magnesia is sometimes mixed with it in the same manner. (Buchner, 
Repert. 57, 373.) | 

For the quantitative examination of soda, vid. Gay-Lussac & Welter. 
(Ann. Chim. Phys. 13,212; also WV. Zr. 5, 1, 124; also Fresenius & Will, 
Ann. Pharm. 47, 87.) | 


Carbonate of soda dehydrated by heat is white, translucent, of specific 
gravity 24659 (Karsten); fuses at a moderate red heat more readily than 
carbonate of potash; has an alkaline taste and reaction; but is even less 
caustic than carbonate of potash. : | 
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. Calculation. Berzelius. Schafgotsch. Ure. 
BOBO “Giisuesevisasssteree ENG: eign Ca 58°64 ieceeee  SB'FET cesses 58°65: i ickess 59°14 
PRE wsdapedivacevats seve 7A Vee EVEL Coir se BE DAB i asdacirs 7 9 Xe. ea 40°86 
Cee cee a 
Gp OO ssusicssenots DBs 2e wvesasnn 100500) * 8.05. 100000 ....... 100°00~-........ 100-00 
Dalton. Kirwan. Bérard. 
Nae cecsteasiicces  2ODTG), cassene 59°86 | srscce 62°53 
OI ssvasestgatessods AUPARE seseuets 40°05 crcsene 37°47 
OE EE TE DO ES A ala ES E:T 
TOM csapccns GOOF cecusers 100°00 


It is decomposed, like carbonate of potash, by steam, charcoal, and 
silicium. 


Combinations with Water.—The anhydrous salt becomes heated by 
contact with water. 

a. Carbonate of Soda with one Atom of Water.—l. Crystallizes on 
evaporating a saturated aqueous solution between 25° and 37° (Haidin- 
ger), or from the hydrate with 10 atoms of water when it has been kept 
in solution for some time in its own water of crystallization (Haidinger), 
or evaporated between 75° and 87°. (Schindler.)—2. It remains as an 
effloresced mass when the salt : is exposed to the air at a temperature 
of 87°5°. (Schindler.) Obtained by the first method, in four-sided tables. 
(Haidinger, Pogg. 6, 87.) It does not melt when heated, but loses its 
water between 87° and 100°, and forms a fine powder. At a temperature 


of 12-5° in dry weather, it absorbs from the air enough water to raise the 


per centage to 46; in moist air it absorbs still more, but not sufficient 
to constitute 8 atoms. It attracts carbonic acid from wari air, and is 
thereby partly converted into sesquicarbonate. (Schindler, Mag. Pharm. 
33, 14.) 


Calculation. Schindler, 1. 3: Haidinger, 1. 
Wa, CO® ...,...0000. Bae ty BO DOe hlicless aa en Oe as Siege Rae 82°26 
EI ee Surcceane< oxevsiees APR Te RBOA RUD (condi one gL ee pe mel. ok. sae oe 17°74 
IR ee EDS A cmos Ne ld oe eS eee 
NaO, CO? + Ag. 62°2 .... 100°00 _........ LOOMO es: 100°00: 3.0. 100°00 


If the salt obtained by the first method be dried at 87°5°, between 


bibulous paper, without first reducing it to powder, the mother-liquor _ 


still adheres to it; and as Haidinger did not remove this, he found too 
large a quantity of water. (Schindler. ) 


8. With 6 Atoms of Water.—1. The salt ¢, exposed to the air at 125° 


is converted by efflorescence into the salt @. (Schindler.)—2. If the salt « 
be melted and the soluble part poured off, the salt 8 crystallizes out at a 
temperature above 33°. (Berzelius.)—3. Accidentally obtained at the 
Buxweiler soda-works in transparent rhombic octohedrons, which efllo- 
resced slightly in the air, and when dissolved in water and evaporated 
at 30°, again yielded the same salt. (Persoz, Pogg. 32, 303; also J. pr. 
Chem. 3, 49.) 


Calculation. Persoz, 3. 
NaOg COR dake ae. A a 5418 eee 53°25 
BH On ee 5 25-(N) ca, A5B2  vessvee 46°75 
NaO, CO? + 5Aq. ... 98°2 wise 100°00 ww 100-00 


_y. With 6 Atoms of Water.—Crystallizes from a solution of protosul- 
phide of sodium exposed to the air, and frequently also from a mixed 
VOL. Il. # G ' 
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Fogg. oth 2:5 Be Uaeod mea Sty 

0 With 8 Atoms of Water.—Crystallizes out when the salt « cools from 
a state of fusion or from a hot saturated aqueous solution, apparently at 
a temperature lower than the crystallizing point of a, and higher than 
that of «. It belongs to the right prismatic system; rectangular prisms 
terminated by four-sided summits, the faces of which are inclined to the 
lateral faces at angles of 115° and 125°. Sp. gr. = 151. Fuses in the 
fire less completely than « (Thomson, Ann. Phil. 26, 443.) 


aqueous solution of carbonate of potash and common salt. (Mitscherlich, 4 


“> Calculation. Thomson. 
Ra S08 ae BED SAG: 949 ass 25797 
CO Rae oe 29°0 oi.) Yel peheoeet 17°163 
212 (6 2 Sasa emia 720° ok BTL sae 56-920 
NaO, CO? + 8Aq. ....°125°2 wi... 10000 ou... 99-880 


t. With 10 Atoms of Water:—The ordinary form of the salt as it erys- 
tallizes from a moderately concentrated solution at a comparatively low 
temperature. Crystalline system, the oblique prismatic (ig. 114); fre- 
quently also with the ¢-surface; easily cleft parallel to 7; w : wv! = 76° 12'; 
ea vor US 108° 48's 4 we OF) ot xe, VB9". 52'S 4 ee 
OF a Pt = 128° 6s. as mo ee 141° O45 wo Pat = 70 ae ea 
140° 8’; often hemitropic. (Brooke, Ann. Phil. 22, 287; vid. also Hai- 
dinger, Pogg. 5, 369.)—Sp. gr. = 1:423. (Haidinger.) When gently 
heated it fuses—the salt « crystallizing out, and leaving a liquid which 
contains more than 10 atoms of water and solidifies again at 33°5°. It 
effloresces quickly im the air, and passes at 38° into the salt a, and at 12°5° 
into the salt 8. (Schindler.) In vacuo over oil of vitriol, at ordinary tem- 
peratures, it loses 9 atoms of water and is converted into the salt «; but if 
subsequently exposed to the air (saturated with moisture probably) for 
10 days, it re-absorbs 84 atoms. (Von Blicher.) 1432 parts (one At.) of 
the salt «, exposed from 21st of Oct. to the 4th of, Dec., to an atmo- 
sphere, the temperature of which ranged between 6° and 12°, and the 
dew-point from 2°8° to 39° below that temperature, lost on the first day 
only 3°2 parts of water—-probably merely hygroscopic—and none at all 
afterwards. On the contrary, 53:2 parts (one atom) of fused carbonate of 
soda absorbs under similar circumstances, if pounded up from time to 
time, 88°2 parts (that is to say, nearly the whole 10 atoms) of water. 
On the other hand, carbonate of soda efifloresces at 14°4°, if the dew-point — 
stands at 8:9°.°(H. Wattson, Phil. Mag. J. 12, 130.) | : 


: Calculation. : Bergman. ~ Berthollet. Darcet, 
NAO Bad aidiani 51-8. .e% 6 AUIS Sie. O0 asin 20:05 Hin 20°35 
Oa! Luks dle % 22-0. Vandel. 15:36 hi ziiae Th rsie TLS) Aid 16°04 
TTA O: hsgsssfopesooysesicapss 90°O s vascests GB:85.-. sccasics GAs to. 68°60 wees 63°61 
NaO, CO? + 10Aq.  143°2 ou... 100°00 uo... #00 "34.5 10100 4... 100-00 
Thomson. Kirwan. Klaproth. Bérard. V. Rose. 
NaO i.aiaé °20°60.. 1... BLE sini, DDC ke oe. 23°33. uae Oh 2 
COA a A14:16.. oa: 14:42 at {Giclee 13'98  dscece 15 
10HO -.1.. 65°24 | wasis 64:00. wes ng aoe 62°693 kids G1 
100°00 | wn... 100°00 i. 1O0 Odes 100°00° ........ 100 


“a € Solution of Monocarbonate of Soda.—One part of salt 3, dissolves 
in 1:56 parts of water at 17° (62°6° F.) (Thompson); 1 part of salts, 


ss Gey “a ae 
' F *} | : : | : 
dissolves in 2 parts of cold, and in much less than 1 part of hot water. 


The solution saturated at 8° (46°4° F.) has a specific gravity of 1-107. 
(Anthon.) : 


Amount of Anhydrous Carbonate of Soda in a given solution at 15° (59°F.) 
according to Tiinnermann. (N. Tr. 18, 2, 23.) 


Sp. gr. Per cent. ; Sp. gr. Percent. Sp. gr. Per cent, Sp. gr. Per cent. 


1°1816 14°880 | 1°1308 11°160 | 1°0847 7°440 1°0410 3°720 
11748 14:508 } 1:1261 10°788 | 1°0802 6°768 1°0368 3°348 
1°1698 14°136 1°1214 10°416 | 1°0757 6°396 10327 2°976 
1:1648 13°764 | 1°1167 10°044 1°0713 6°324 1°0286 2°504 


171598 13°392 11120 9°672 1-0669 5°972 1°0245 2°232 
1°1549 =. 13°020 1°1074 9-300 | 1°0625 5°580 1°0204 1°850 
171500 12°648 ¥°3028. ..... ..,8°928 1:0578 5°208 1:0163 1°488 
1°1452 12°276 1°0982 8°556 | 10537 4°836 1:0121 17116 
1°1404 11:904 | 1°0937 8°184 1°0494 4°464 1:0081 0°744 


1°1356 11°532 | 1°0892 7°812. | 10452 4°092 1:0040 0°372 


b. SESQUICARBONATE oF SopA.—Found native at Fessau as 7'rona, 
and in Mexicoas Urao. (Rivero & Boussingault, Ann. Chim. Phys. 29, 110.) 
It crystallizes from an aqueous solution of the bicarbonate as the hquid 
cools after being concentrated by boiling (Phillips, H. Rose), or when the 
solution is evaporated in vacuo, over oil of vitriol. (Dobereiner, Gb. 72, 
215.) From a hot solution containing both carbonate and bicarbonate of 
soda, the two salts crystallize out by themselves on cooling; butif an aqueous 
solution of bicarbonate be rapidly boiled, so that it may lose only a part of 
its second atom of carbonic acid—or if the crystallized salt be heated toa 
temperature not exceeding 200°—or again, if equivalent proportions of 
carbonate and bicarbonate of soda are melted together and dried,—a mass 
is obtained, which, if exposed to the air in a cellar for some weeks, 
absorbs water, becomes perfectly crystalline, and contains spaces filled 
with shining crystals of sesquicarbonate of soda. (R. Hermann, J.. pre 
Chem. 26, 812.) If 4 oz. of alcohol be poured on the top of a solution 
containing 100 grains of simple carbonate and 152 grams of crystallized 
bicarbonate of soda in 4 ounces of water, fine clear acicular crystals are 
formed after several days at the surface of separation of the two liquids: 
these crystals consist of sesquicarbonate of soda, have an alkaline reac- 
tion, and do not effloresce in the air at 22°5. At the bottom of the solu- 
tion, large crystals of the simple carbonate are formed, together with a 
crust of bicarbonate of soda. (Winckler, Repert. 48, 215.) 

The crystalline system of Trona is the oblique prismatic (Pig. 93); 
uw = 47° 30’; +: f (backwards) = 103° 15’; ¢ : w= 103° 45’; easily 
cleavable parallel to 2; less easily, parallel to w and f; colourless, trans- 
parent, or pellucid; sp. gr. = 27112. (Haidinger, Pogg. 5, 367.) Urao, 
is translucent, of foliated radiating structure and conchoidal fracture;_. 
alkaline and not efflorescent. (Rivero.) The ordinary crystals arti- 
ficially prepared are small, of the same form as Trona, and perma= 
nent in the air. (H. Rose.) The salt when heated to redness, or when, — 
its aqueous solution is boiled for many hours (H. Rose), loses half its 
carbonic acid. It dissolves in water more readily than the bicarbonate, 
but less easily than the simple salt. The solution evaporated in vacuo 
over oil of vitriol, yields a mass of crystals composed of the simple 
carbonate and the bicarbonate together. (H. Rose, Pogy. 34, 160.) 

? : G2 
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The solution is not rendered turbid by 1 part of sulphate of magnesia 
dissolyed in 10 parts of water. (Schindler.) 


Klaproth. Boussingault. Phillips. 


Crystallized. Trona. Urao. Artificial. 
PRO ot eis icteitevecerrss “PA: emg Se Ns 1a elon D7 Rew. aia 789 
LLC Sia ia i 66D. Wy ee a Rae 38°00 R ae 39°004e.— = #] 

SUS AER Piers? Wis te Reena 22:5) tee 18°80 (,2%..20 215ee 
Sulphate of Soda _.... ae ale hel hah see 2h. eee Ae seo” Pe; 
RIPUPIGIES 2.2)... cs.000.e Je Pde ae Pee Pre a RAS 0°98: 7 es a 
2NaO, 3CO? + 3Aq. 155°4 .... 100°00 _ ........ TOO'O Or oa 100°00 a... 100°0 
Winckler. Hermann. 
Artificial. Artificial. 
NaQs Bisa kossesens ATID Gea eee 40°00. | 
COPE ahs AS TOL Pieters 43°06 
HOR ES aot L556 vite cases 16°94 
100300 Biaisies 100°00 


c. Bicarbonate of Soda. Found in alkaline mineral waters, and 
sparingly in several springs. 


Preparation. ‘The same as for bicarbonate of potash, according to 
methods 1, 2, 3, and 4. : 

1. A solution is employed containing 1 part of simple carbonate of 
soda in 2 parts of water. 

2. Carbonate of soda which has effloresced in warm air (at 37°, 
Schindler) to a loose powder (containing at least 1 atom of water) is 
exposed to a current of carbonic acid gas. Absorption follows with 
great rapidity and great rise of temperature, sufficient even to fuse 


the mass. (Kreuzburg, Kastn. Arch. 16, 223; 17, 253.) The effloresced . 


salt may be placed in sieves covered with paper, over the openings by 


which the carbonic acid escapes from the fermenting-tubs in the prepara- — 


tion of brandy: the salt is broken up daily, aud becomes saturated in 8 
days. (Muhlenbrook, Repert. 64, 42.) Berzelius (Pogg. 16, 484) spreads 
an intimate mixture of 1 part of 10-hydrated and 3 parts of anhydrous 
carbonate of soda, on linen stretched over iron rings; these he places one 
above another in a cylinder of tinned iron, through the lower opening of 
which the carbonic acid enters, whilst a bladder, from which the air has 
been expelled by pressure, is tied over the top. On the salt thus obtained, 
cold water is poured, and the whole stirred about; by this means, any 
simple carbonate which may still be mixed with it, is dissolved; after 12 
hours, the salt left undissolved is drained and dried: Mohr (Ann. 


Pharm. 19,15; 29, 268) introduces an intimate mixture of equal parts of | 


10-hydrated and anhydrous carbonate of soda into a long, wide tube of 
glass, and passes carbonic acid gas through the mixture. The mass becomes 
heated, commencing at the end at which the gas flows in; and the heat 
gradually increases till it reaches the other end; hence it is necessary to 
cool the tube. The saturation is complete in two hours, and the salt requires 
no purification, Or, he puts the mixture into a vessel of equal width at top 
and bottom—so that the mass, when it becomes dry and caked, can be 
easily withdrawn—closes it air-tight after the air has been expelled by a 
rapid current of carbonic acid gas, and passes the gas into it without 
intermission from his gas-generating vessel. The gas is at first somewhat 
slowly absorbed; but as the mass becomes heated, the absorption goes on 
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with great rapidity.—The crystals of the 10-hydrated salt may also be 
exposed to the action of carbonic acid; they then become covered with 
a white crust, and suffer the excess of water of crystallization to run off. 
(Schiffer, Br. Arch. 25,251.) In this manner, a spongy, friable mass is 
obtained, which still retains its original form, but must be pulverized and 
repeatedly washed with cold water, to free it from simple carbonate still | 
adhering to it, and then dried at a moderate heat. (R. Smith, P. Boullay, 
J. Pharm. 16, 118 and 123.) The salt must be rapidly dried after 
washing, because it loses carbonic acid if long exposed to the air ina 
moist condition; or it may be dried at 37°, and once more exposed to 
carbonic acid. (Schindler.) 

8. From 8 to 4 parts of 10-hydrated carbonate of soda, are intimately 
mixed with 1 part of commercial carbonate of ammonia; the semi-fluid 
mass thus obtained, which evolves ammonia, is allowed to stand 24 
hours, and then exposed to the sun on bibulous paper or on clean 
bricks. The last trace of ammonia escapes with the water, and bicar- 
bonate of soda remains as a chalky mass. (Schiffer.) As the ammonia 
evolved in this process is lost, and it is difficult to evolve it in close 
vessels on account of the large proportion of water present (at 75° the 
carbonate of ammonia passes off undecomposed, Schindler), Schoy (NV. 
Br. Arch, 2, 137) carefully mixes 50 parts of dry carbonate of soda in 
fine powder with 15 parts of the 10-hydrated carbonate and 41 parts 
of carbonate of ammonia, and heats the mixture in a distilling vessel 
immersed in a water-bath. The first 9, of the ammonia are readily 
evolved, the following 52, with greater difficulty, and the last ~; is 
expelled by exposing the mass to the air. According to Schindler, a 
mixture of 3 parts of monohydrated carbonate of soda and 2 parts of 
carbonate of ammonia, exposed to the air at a temperature between 25° 
and 30°, yields pure bicarbonate; but at 75°, it evolves carbonate of 

- ammonia and leaves simple carbonate of soda. The salt, however, is 
not obtained perfectly white, on account of organic substances contained 
in the carbonate of ammonia. Hoff (Aepert. 25, 396) heats a saturated 
solution of 4 parts of 10-hydrated carbonate of soda, to which 1 part of 
carbonate of ammonia has been added, in a basin, till all smell of ammonia 
has passed off, filters hot, and leaves the solution to crystallize. Hight parts 
of the 10-hydrated salt, dissolved in 16 parts of water, together with 3 
parts of carbonate of ammonia, evaporated in a water-bath and cooled, 
yield 4 parts of crystallized bicarbonate. (Winckler, Mag. Pharm. 19, 
15,) When a solution of carbonate of soda, mixed with even an excess 
of carbonate of ammonia, is evaporated in the air at temperatures between 
25° and 30°, the latter salt escapes and leaves simple carbonate of soda 
behind; if the mixture is heated in a retort, simple carbonate of ammonia 
passes over first, and afterwards sesquicarbonate sublimes. (Schindler.) 

4, Planiava (Kastn. Arch. 9, 332) introduces a solution of 286°4 parts 
(2 atoms) of 10-hydrated carbonate of soda dissolved in twice the quantity 
of water, into a bottle; closes the bottle tightly with a stopper through 
which passes a tube-funnel drawn out to a very fine point at the end, 
and dipping an inch deep into the solution; pours slowly through this tube, 
49 parts (one At.) of oil of vitriol, without agitation; and after it has 
stood quietly several days, separates the liquid from the crystals that are 
formed: these he washes with cold water and dries between bibulous paper. 
Lhe bottle may be two-thirds filled with the solution, and the tube-funnel 
may pass to the bottom, When the solution prepared at a higher tempe- 
rature has fallen to 50°, the oil of vitriol may be poured into ‘the tube, 
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The finer the point, and the more slowly the oil of vitriol runs into’ the 


solution, the more beautiful are the crystals. The least shaking is disad- 


vantageous, as carbonic acid is thereby evolved. (Schindler.) The salt 
may also be obtained by using acetic acid: in this case, agitation 1s 
necessary. (Schindler, Mag. Pharm. 33, 26.) ' 

The salt is fully saturated with carbonic acid when it no longer 
reddens turmeric, or gives a precipitate with a very dilute solution of 
corrosive sublimate, but a white precipitate with a concentrated solution, 
becoming red in a few minutes, and then purple; with the least admixture 
of simple carbonate or sesquicarbonate of soda, the precipitate is reddish 
brown; but a salt not saturated precipitates corrosive sublimate white, if 
prepared by the third process and not quite free from carbonate of 
ammonia, (Schindler. ) 


Bicarbonate of soda is known only in combination with water; it erys- : 


tallizes‘in oblique four-sided tables, which have a slight alkaline taste, no 


action on turmeric or litmus, turn logwood and reddened litmus blue, and 


syrup of violets green. (V. Rose.) ee 


Calculation. Stromeyer. R.Smith. Berzel., Schindler. 
xeOo..... pean: 31:2) |. By08- 3706 =. 87-82) ae 
6 lalla Smee Mak re BA a SOL LO” kas WS EO ayes ae BORE nts BO°0d 
cc Maes See. 9°02 0.2.2 10°69 = 54+ 10°74 - 8. 10°18. TO74 * 10°69 


NaO, 2CO? + Aq. 84:2 .... 10°00 .... 100°00.... 100°00 .... 100-00 .... 100-00 
: V. Rose, .. Berthollet. Bérard. 


Na © visectpmise BV. soba. 31°75 29°85 
CL SS ase Ba oom 44°40 49°95 
Bact ves voaants 14 kpeseisd DPD * avn dy. 0 20°20 
100: “gak. 100°00 J... 100°00 
~ ~* At a red heat, the crystals lose their water and one-half of their 


carbonic acid.. The loss amounts to 36°8 per cent. (H. Rose.) They 
remain unaltered in dry air, but in moist air they gradually become 
_ turbid, then opaque and alkaline. In the state of powder, the salt 
is decomposed more rapidly; and if exposed to the air for a year, is 
converted into sesquicarbonate. When covered with a. little water, it 
gives up carbonic acid in the air, eyen under 0°, but.more rapidly in 
proportion as the temperature is higher, till it becomes changed into the 
simple carbonate, and ag such is dissolved by the water. But a solution 
of the salt in 14 parts of water remains unchanged when exposed to the 
air. (Schindler.) An aqueous solution placed in a yacuum over oil of 
vitriol evolves carbonic acid without intermission, though with less 


rapidity than a solution of bicarbonate of potash, and loses 13°94 per cent., 


a 


oe 


or about + of the whole quantity of carbonic acid contained in it. If the — 


solution is evaporated in a jar containing air, over oil of yitriol and 
hydrate of potash, and the residue dissolyed in water and again evapo- 
rated, carbonate of soda is left behind nearly in a state of purity. By the 
continued boiling of an aqueous solution of the salt, 20-46 parts of the 52-2 
per cent. of carbonic acid are evolved; and if the ebullition be further 


prolonged, nothing but simple carbonate remains. (H. Rose, Pogg. 34, 158.) - 
A solution heated for a long while to 75°, loses barely + of its carbonic ~ 


acid. (R. Phillips.) This salt dissolves, according to V. Rose (Scher. An. 
6, 52), in 13 parts of cold water; according to Berthollet (1V. Gehl. 3, 52), 
in 8 parts. | 
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Sopium AND Boron. 


Borate or Sopa.—a. Two-Tratrps Borate.—One atom of borax 
heated to redness with excess of carbonate of soda expels 2 atoms of 
carbonic acid, (Arfvedson.) 


b. Monogorats.—On boiling a mixed aqueous solution of borax and 
carbonate of soda, carbonic a¢id is evolved. A mixture of 196°8 parts 
(one At.) of erystallized borax, and 53:2 parts (one At.) of dry carbonate 
of soda is heated to the melting point of silver. At first, the mass swells 
up considerably; when this has ceased, it is to be. pressed together and 
again strongly heated; but even then it does not melt. The mass when 
cold, tastes caustic and alkaline, and dissolves easily in water with disen- 
gagement of heat. 

Combinations with Water. 


a. With 6 Atoms of Water.—When the 8-hydrated salt fused in its own 
water of crystallization is cooled to 0°, the salt « solidifies in confused 
crystals, with separation of a small quantity of mother-liquor. 

8. With 8 Atoms of Water.—A solution of the dry salt in hot water (if 
too small a quantity of water is used, the crystallization is rendered 
more difficult), yields on slowly cooling in a covered vessel, large, oblique 
rhombic prisms. Angles of the lateral edges, about 130° and 170°; those. 
contained between the oblique terminal face and the lateral edges are of 
about the same magnitude. The crystals melt at 57° in their own water 
of crystallization; and from the fused mass. slowly cooled to 0°, crystals 
of the salt « separate. When the salt 8 is exposed to a higher tempera- 
ture, it boils, and then solidifies, swelling up more strongly than borax, to 
a very friable, frothy mass, which rapidly absorbs carbonic acid from the 
air. The crystals also become turbid in the air, and are gradually converted 
into a mixture of borax and carbonate of soda. The same change takes 
place in the solution: but on boiling the latter, the carbonic acid is again 
gradually expelled. (Berzelius, Pogg. 34, 566.) 


Calculation. Calculation. Berzelius. 
Na0O......00s00 A aS 47°27 Te BOP sar GB Puke. Bas sete 55°15 
Bs cassie 5 ae 52°73 rp, Cy Peale ay AE Ia 8s tt Rae es 44°85 
- NaO, BO? 66°0 ....... .. 100°00 ee tal 140 67 00) ah 100°60 
Calculation. Berzelius, 
NaO, BO? ........ BO ovis tk Ae OR t ccahteose- RP ee 
“> RE FOP SS BRAT wake 52°01 
me ie Ei ee 
i gre Sa ae soe SEED 100°00 


c. Brnorate.—Borax, Borax Veneta, Plinius’ Chrysocolla.—Found 
in combination with 10 eq. of water, as Tinkal or Crude Borax, in Asia. 
In Europe, this substance is purified from the earthy impurities and 
the greater part of the fatty or saponaceous matter adhering to it, 
by solution in water, filtration, and slow crystallization. Borax is now . 
_also prepared by mixing the boracic acid obtained from Tuscany with 
carbonate of soda, in the proportion of 10 parts of acid to 12 parts 
of the crystallized carbonate dissolved in hot water. Ordinary commer- 
cial borax may be purified by repeated crystallization; by fusion it is 
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obtained in the anhydrous state, as a clear brittle glass (Glass of Borax) 
which melts at a red heat. Vitrefied borax in the fused state dissolves 


many metallic oxides, and is therefore useful in experiments with the 
blow-pipe, in soldering, in the manufacture of glass, and as a flux in 
smelting operations. Borax has an astringent and somewhat alkaline 
taste, and a weak alkaline reaction on vegetable colours. Vitrefied borax 


becomes opaque in the air by absorbing a small quantity of water. 


Mixed with charcoal-powder, and exposed to the oxy-hydrogen blowpipe, 
it boils, gives off a white smoke, and is converted into a black substance 
which becomes white in the air. (Clarke.) Neg ; 


Calculation. Berzelius. -*°  Arfyedson. Soubeiran. 

&: jFExpli, Exp. 2. 
NaOnie. 53; Bie Scio OPO! eee SOB 27 Hutte 2230'S tS led Gee 31°416 
2BOP60.. 6956 5h BOOT Bho cc 697173 ee 6992. 0806 aa ane 68°584 
NaO, 2BO? 100°8_ .... 100°00 _........ 100°000__........ 100°0 100°0 eee S 100°000 


With Water tt forms: a. Biborate of Soda with 5 Atoms of Water.— 
Octohedral Borax. First obtained by Buron, and afterwards by Payen.— 
Borax is dissolved in water at 100°, till the solution has a specific gravity 
of 1:246, or 30° Bm. and then allowed to cool slowly. At 79°, the octo- 
hedrons begin to form, and continue to crystallize out till the temperature 
falls to 56°, when ordinary borax begins to appear. (Payen.) A solution 
of specific gravity 1:17 yields, on cooling, nothing but ordinary borax. 
(Payen.) If the solution be boiled for some hours, it appears to yield 
more octohedral borax on cooling, even when cooled below 56°. (Buron, 
Soubeiran & Pellerin, J. Pharm. 14, 170.) Forms regular octohedrons, 
of specific gravity 1°815; harder than ordinary borax, with a brilliant 


conchoidal fracture; not splitting in pieces from change of temperature. . 


They become opaque in moist air from absorption of water. 


Calculation. Payen. 
Wa, 2BO2-.......5: TOU Rae Gad 69°36 
BHO oe 45°0 .... 30°86 vases 30°64 
Octohedral Borax . 145°8° 100-00. ...c.. 20008 


B. With 10 Atoms of Water.—Ordinary Borax. Crystallizes from a 
less saturated solution below 56°. Vitrefied borax appears to be com- 


- pletely converted into the 10-hydrated salt by exposure to the air for seve- — 


ral months in the state of powder. (Blucher.) Large, transparent, oblique, 
rectangular prisms belonging to the oblique prismatic system. (/%g. 108, 
104), 105; 7 :¢= 106° 7’; 1: m= 90°; uw: u= 91° 50’; wit = 184 


5’; w:m= 185° 55’. (Hauy.) Sp. gr. 1°74 (Kirwan, Payen), = - 


1757. (Wattson.) It flies to pieces when suddenly heated. Exposed 
to the air it effloresces on the surface only, and becomes opaque. When 
heated it loses water and swells up to.a spongy mass (Calcined Boraz, 
borax usta), which runs together at a red heat into glass of borax. 
Dissolves in 12 parts of, cold and 2 parts of boiling water. 


. Calculation. Berzelius. Kirwan. Bergman. 
NaQ sec tena: Sat Sieg LBS Oi. diseases 16°31 5. sae Lh araedie 17 
DUD? 5s otittasvaeps BOG brs he 1 op i re 36159 - saosin ea 39 
ROT) Saks chaos 900... Viney age ene A710 et sem Le ace 44 
Ordinary Borax 190°8 4... Ria) ho |) | ce 100°00-+925, ay 100 * 5H 100 


peer Ten i cee 
rex wa Ree A gt 


PHOSPHIDE OF SODIUM. — 89 


/ 
L. Gmelin. = Thomson. Payen. 
INSG.. aoeacereets EO vcetaees 39°3 
SBOP eh ad Ce pee oy sosenna 53°05 
IGHO Sra). Fr 26°60 F482 7 Sy ADE 46°95 
TOO Oe boists.ss 100°0 + n..50. 100°00 


7. d. Quaproporate.—-A solution of ordinary borax is boiled with 
sal-ammoniac, in the proportion of 2 equivalents of borax to one of sal- 
ammoniac; ammonia is evolved if the solution is kept moderately dilute. 
As soon as the gas ceases to escape, the liquid is filtered and very slowly 
evaporated, when two crystalline crusts separate, one falling to the 
bottom, the other floating on the surface, although they possess the 
same appearance and chemical properties. They are either milk-white 
or transparent, and have a vitreous lustre. When heated they lose water 
and swell up, but not so strongly as borax. They dissolve in 5 or 6 
parts of water at ordinary temperatures. A solution of this kind gives a 
granular precipitate of boracic acid, even with dilute acids. It precipi- 
tates solutions of all the salts which are thrown down by borax, but the 
precipitates frequently differ in colour and solubility from those obtained 
with borax. Like the latter, however, they lose boracic acid when washed 
with water. The solution is neutral to test paper. 


Calculation. Bolley. 

PARRA ALP bic hadvesx Fie Be sik B93) oak. 11°50 
SS SA i re PAO Oe sass. 2e BO 4G be ton vak 53°88 
MPR cen boipd gn anced secs eet ee ee A LP ws ccdece en 34°61 
260° 52. 99°99 aise 99°99 


(P. Bolley, Ann. Pharm. 68, 122, 1848.) . 


e. SEXBORATE.—The aqueous solution of borax mixed with boracic 
acid till it no longer reddens turmeric, yields by evaporation and 
cooling, tabular crystals, which have a cooling taste, like nitre, and are 
neutral to vegetable colours. When heated, they swell up, evolving a 
small quantity of boracie acid, and afterwards melt to a clear glass. 
These crystals contain, according to Tinnermann, (Kastn. Arch. 20, 8), 
30 per cent. of water. If 2 atoms of sulphuric acid are added to an 
aqueous solution of 3 atoms of borax, the mixture does not redden litmus, 
(because sexborate of soda is formed); 


3(NaO, 2B03) + 2S0? = NaO, 6BO? + 2(NaO, SO4); 


but, on the addition of one atom more of sulphuric acid, the liquid slightly 
reddens the litmus, because the boracic acid is completely liberated ; 
and if one drop more be added, the litmus acquires a bright red coiour 
from the excess of sulphuric acid. (Laurent, Ann. Chim. Phys. 67, 218; 
ord, 1., 152.) 


SoDIUM AND PHOSPHORUS. 


A. PuospumeE or Soprum.—Behaves, according to Gay-Lussac & 
Thénard, like phosphide of potassium. Lead-coloured; burns when 
heated in the air, and is converted into phosphate of soda. (H. Davy.) 
According to Gay-Lussac & Thénard, the compound obtained by heating 
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sodium to redness in contact with glacial phosphoric acid, has the same 
properties as that which is formed when potassium is used, , 


B. HypopuospHite or Sopa.—Hypophosphite of lime is decomposed. 
by carbonate of soda, and the alcoholic solution left to evaporate in vacuo. 
Crystallizes in tables which appear to be rectangular, and have a pearly 
lustre. At a red heat it evolves spontaneously inflammable phosphu- 
retted hydrogen gas. Very deliquescent, but somewhat less so than the 
potash-salt, (H. Rose.) It also dissolves very readily in absolute alcohol. 
(Dulong.) © | | : 


C. PuospHitE or Sopa.—Rhombohedrons inclining to the cubical 
_ form; very soluble in water and alcohol. (Dulong.)—An aqueous solution 
of carbonate of soda neutralized by pure phosphorous acid and evaporated 
in vacuo to a syrupy consistence, yields crystals which evolve hydrogen 
gas on being heated. (H. Rose, Pogg. 9, 28.)—Fourcroy & Vauquelin 
obtained with Pelletier’s phosphorous acid and soda, inclined four-sided 
prisms, square lamin and feathery crystals, having a cool pleasant taste, 
and containing 23°7 per cent. of soda, 16°3 of phosphorous (1) acid, and 60 
per cent. of water,—efflorescent, giving out a yellow flame in the fire, 
and dissolving in 2 parts of cold, and nearly the same quantity of hot 
water. 


D. OrpINARY PHOSPHATE OF SopA.—One atom of phosphoric acid 
mixed with solution of soda in excess, or fused with an excess of carbo- 
nate of soda, takes up 3 atoms of soda and forms the salt @ ; from a solu- 
tion of carbonate or acetate of soda, it takes up but 2 atoms of soda, and 
with one atom of water forms the salt 6; heated with common salt, it 
unites with only one atom of soda, and with 2 atoms of basic water forms the 
salt c. (Graham.) Prarent 

a, TRIPHOSPHATE.—Described by Thomson (Ann. Phil. 26, 381; also 
Pogg. 6, 80) as phosphocarbonate of soda. One atom of diphosphate (0.) 
heated to redness with an excess of carbonate of soda expels one atom of 
carbonic acid, and thus combines with one atom more of soda, (Mitscher- — 
lich.) This salt is also formed when dipyrophosphate of soda is heated to 
redness with caustic soda or carbonate of soda, or when the mixed solutions _ 
are simply evaporated to dryness; but by mere boiling with solution of — 
soda, even for many hours, the pyrophosphate is not altered. (Graham.) 
When the crystallized salt is heated to redness, a mass is obtained which 
does not fuse by increase of temperature,—but if heated in glass vessels, 
corrodes them like caustic soda. (Graham.) . a ae 

Orystallized.—To a concentrated solution of ordinary diphosphate of 
- goda, at least half as much soda as it contains is added in solution, the. 
liquid evaporated till a film appears, and left to cool. The salt crystal- ~ 
lizes out, and the mother-liquor retains nothing but the excess of soda, 
The crystals freed from the liquid are rapidly dissolved in twice the quan- 
tity of hot water, the liquid filtered, and then left to crystallize. (Graham.) 
Thin six-sided prisms perpendicularly truncated, with two more obtuse 
and two less obtuse summits. Permanent in dry air. (Graham.) Taste, — 
cooling and alkaline. (Thomson.) They melt at 76°7°, Heated to red- 
ness in a platinum retort (to. keep off carbonic acid), they lose 55-19 
per cent. of water, but still retain nearly one per cent., which may be 
nearly all expelled, if the mass be powdered and again heated to redness; 
completely and readily, however, by heating to redness ‘with oxide of 


~ 
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) | 
lead, or monophosphate of soda; the total loss of water then amounts to 
between 55:99 and 56°05 per cent.’ VT. Gerhardt (J. de Pharm. 12, 57) 
- finds that this last atom is reabsorbed, with disengagement of heat, when the 
anhydrous compound is treated with water; hence he assumes the formula 
of the salt to be 3NaO, HO,PO*® + Aq. 7. The salt, when exposed to the 
-air in the state of aqueous solution, absorbs carbonic acid, and is converted 
into diphosphate, and ultimately into carbonate; other equally feeble acids 
also withdraw the third atom of soda, It expels ammonia from nitrate of 
ammonia. With nitrate of silver it gives a yellow precipitate of tri- 
phosphate of silver, the supernatant liquid becoming neutral. One part 

of the crystals dissolves in 5:1 parts of water at 15°5°. (Graham.) 


Anhydrous. 

RRS dhe irate sas corh nes Bake Rah irietereentas 56°73 

US VR ior com icvetga ended rick \inpe ere Shae 43°27 

Shia; CPO... show, moe 1650. a5. acy 100-00 

Crystallized. Graham. 

NENG OP CR irr a OR a RAEI Teenie 24°70 
2 ge PPE See ce Filho oan USPF4 - lei.. ». 18°60 
27 EEO ey eee ae We 2160: © 2..4..7 569 0 4..0.5 56°03 
BNA, CPO + 24AG.) civcccvrs SOLO: pcccges cE, ae 99°33 


6. DipnospHate.— Phosphate of Soda (simply), Neutral Phosphate of 
Soda, Sal Mirabile Perlatum, Pearl Salt-—Found in several animal fluids, 
especially in urine. It may be prepared by adding carbonate of soda to the 
aqueous phosphoric acid obtained from bone-ash (II., 129)—the liquid being 
kept at a boiling temperature, and the carbonate of soda added as long as 
effervescence continues ; filtering to separate phosphate of lime and mag- 
nesia; boiling the liquid down, and leaving it to crystallize. To purify 
the salt completely from lime and magnesia, the solution mixed with car- 
bonate of soda is evaporated to dryness, redissolved, filtered, and then 
left to crystallize as before. (Berzelius.) Any arsenious or arsenic acid 
possibly mixed with the phosphoric acid, is completely thrown down with 
- the lime. (Anthon, Repert. 59, 338,)—This salt is known only in combi- 
nation with water. ‘ 


a. With one Atom of Basic Water.—The salt 8 or y is heated to 300°: 


(Clark), or placed in vacuo over oil of vitriol for some days. (Bliicher. )— 
White mass, having a slightly saline but not unpleasant flavour, and 
changing the colour of violets to green. Ata red heat it fuses, and is 
converted into dipyrophosphate of soda, with loss of 6:26 per cent. of 
water. (Clark, Schw. 57, 428.) 


: Calculation. Clark, 
BMBN YS sic ssyide circa tespobdens D246 sees 43°7 ; 
ASS SRR Papen i em 9-0 6:3 . 6°26 
3 Leo pee aaa te AR 50°0 
2NaO, HO, cPO?> ...... id Orr iG Oe, 100°0 


B. With one Atom of Basic Water and 14 Atoms of Water of Crystalliza- 
tion.—Formed by evaporating the aqueous solution at 33°, and leaving it 
to crystallize. The crystals have the same form as those of arseniate of 
soda with 15 atoms of water. They do not effloresce in the air; but at 
about 300° they lose 47°63 per cent. of water, and at a red heat, 3°47 per 
cent, more. (Clark, Hd. J. of Sc. 14, 311; also Schw. 57, 444.) 
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Calculation. ~~ ‘Clark, 


DN BOM ene RS ES 23-21 

CPO es inn Eee 26 sat sesenee #590 
a ea ea iaetiat Wit 0, ca pate 3°35 cae Bay 
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y. With one Atom of Basic Water and 24 Atoms of Water of Crystalliza- 
tion.—The phosphate of soda of the Pharmacopeias.—An aqueous solution 
of the salt is evaporated and left to crystallize in the cold. Transparent 
oblique rhombic prisms. Crystalline system, the oblique prismatic. (/%. 
96, 97, 98, 99, 100, and others.) ¢:¢—= 121° 30!; 2:a@= 148° 30'; 2:4 
== 142° 9'; ¢ : f (backwards) = 129° 12'; 2: & (backwards) = 112° 5'% 


ma = 67° SO soa 3 t = 123° 5D): als m == 146° 5! a oe 


(Mitscherlich.). ¢:¢ = 121° 14'; 7: f (backwards) = 129° 12’; 7% :h 


(backwards) == 112° 27° ;-q': ats 67° B05 -u 3% == 128° Ao! cia eee ee 


146° 15'. (Brooke, Ann. Phil. 22, 286.)—The crystals effloresce rapidly 


in the air. According to Clark, they effloresce at a temperature between 


11° and_17°, and are converted into the salt 8. According to Gay-Lussac, _ 


they lose in very dry air 31°7 per cent. of water—that is to say—a little 
more than half the whole quantity. In vacuo over oil of vitriol they lose 
in 4 days 59°84 per cent. (24 At.); and if exposed in this state to the 


air during the month of August, they reabsorb 34:61 per cent. (14 At.) 


(Blicher.)—The crystals fuse at a gentle heat, and at about 300° lose 


60:03 per cent. of water; at a red heat, they give up 2°49 per cent. more, — 


and are converted into dipyrophosphate of soda. (Clark.) The salt when 
heated to fusion, continues fluid for a long time after cooling; then becomes 
syrupy, and at last solidifies to a radiated mass, having a silky lustre. 
(Marx.) ) | 


Ordinary phosphate of | Thé- _—_ Ber- Gra- — Mala- Long- 
soda. nard. zelius. Clark. ham.  guti. © champ. 
QNaOvvvveese 62:4 1739 «17-17-67 : Oy Pie hoes 
cPOF |. rid 19-90 15 g0-33f 3748 8711” ag eoe agizg 
HO iO oi, 2°51 2:49) «oo, ‘4 
HHO oe coon 88 62400 i ange eee eee 
Bride i . 3588 100:00 98 100°00 100:00 1000 99-76 


This salt, according to Clark and Graham, is 2NaO, HO,c PO®+ 24 Aq.; 
according to Malaguti (Compt. rend. 15, 229; also J. pr. Chem. 27, 51), 
it is 2NaO,HO, cPO® + 26 Aq. Clark comminuted his crystals, and freed 
them between bibulous paper from any adhering mother-liquor previously 
to analysing them. (Vid. Longchamp, Compt. rend. 15, 65; also J. pr. 
Chem. 27, 46.) | | 


. In solution. The salt y dissolves in 4 parts of cold and 2 parts of | 


hot water. The solution has the power of absorbing a considerable quan- 
tity of carbonic acid gas, after which it effervesces with the stronger acids, 
and slightly reddens litmus paper, but much less so than carbonic acid 
- water. (Pagenstecher, Fepert. 72, 318.) The solution boiled for three 
weeks in glass vessels, attacks them a little, and on evaporation yields 
scales haying a silky lustre and the composition of the salty; by recrys- 


tallization the ordinary crystals of this salt are obtained. (Graham, Pogg. - 


32, 54.)—-The solution precipitates triphosphate of silver from the nitrate, 
setting free one-third of the nitric acid. (Clark.) — oF at 


~ 
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c. StmpLE on MonopnospHate.—Generally designated as Acid Phos- 
phate of Soda.—1. Phosphoric acid is added to the solution of 6, till the 
mixture no longer precipitates chloride of barium; it is then evaporated to 
a small bulk, and left to crystallize by itself for some days. (Mitscherlich. ) 
If enough phosphoric acid be added to an aqueous solution of soda, to ren- 
der the fluid neither acid nor alkaline, the diphosphate, which has an alka- 
line reaction, will crystallize out first, and the acid phosphate afterwards. 
If soda be mixed with phosphoric acid in excess, all the excess beyond one 
atom may be separated by alcohol, while the acid salt will remain in solu- 
tion at the bottom, and after some time will assume a solid crystalline 
form. (Berzelius.) %. 2, When alcohol is added to a solution of ordinary 
phosphate of soda in nitric acid, acid phosphate of soda separates in the 
crystalline form, and nitrate of soda remains in solution. (A. Schwarzen- 
berg.) 4. . 

Crystallizes always in combination with the same quantity of water, 
in two forms, not reducible one to the other, on account of their peculiar 
angular relations, but both belonging to the right prismatic system. (1.) 
Ordinary form. The primary form is a right rhombic prism: (fg. 61, 
62, 63and other forms.) w!:w = 938° 54’; p:u = 90°; p:a= 125° 254); 
p:y = 184 18); &e. &e.—(2.) Second form, which is also that of the 
erystals of diarseniate of soda. Primary form, an octohedron with rectan- 
gular base: Vig. 54 (never appearing by itself), 64 and others, w : u' = 78° 
30's 4: 4 = 126° 58’; 4:47 161° 34’; a:u = 128° 18; t:u = 106 
26', kc. (Mitscherlich.) By rapid evaporation, scaly crystals are obtained. 
It reddens litmus. Of the 4 atoms of water belonging to the crystals, 2 
atoms which constitute the water of crystallization go off at 100°, and the 
2 atoms of basic water are retained. Of the two latter, one atom escapes 
between 190° and 204° (374° and 399° 2! F.) leaving monopyrophosphate 
of soda; and the Jast.agom is almost entirely given up between 204° and 
244° (399° 2! and 47 bi '¥.), when metaphosphate of soda (a) remains; this 
is converted, just belowa red heat, into the metaphosphate 6, and at a red 
heat into the Metaphosphate c. By heating the crystals rapidly to 204°, 
they become semi-fused and boil up, lose 8 atoms of water, and are con- 
verted into monopyrophosphate of soda. (Graham.) The salt dissolves 
very easily in water, but not in alcohol—In solution it precipitates the 
nitrate of silver yellow, as a tri-acid salt; imperfectly, however, unless the 
nitric acid set free is neutralized with ammonia. (Graham.) 


Dried at 100°. Graham. 
Og Oe ae eee Shor Mork 25°87 : 
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NaO, 2HO, cPO® + 2Aq. 138°6_........ 10000) Ghscacite 100°00 


K. PyropHospHate or Sopa.—a. Dipyrophosphate. Obtained in the 
anhydrous state by heating to redness the common diphosphate of soda, 
),b: It fuses at a red heat to a transparent glass, which crystallizes on 
cooling to a white, opaque, angular mass. Dissolved in water, it exhibits 
an alkaline reaction. (Clark.) Heated to bright redness with twice its 
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weet of charcoal, it yields phosphorus. (Saussure. ) (Dobe the ‘hid of 
the retort contribute to this result?—Gmelin. ) The dry salt dissolved in 
water, yields, on cooling, erystals containing 10 atoms of water. (Clark.) _ 
100 parts exposed to the air, likewise absorb, in a few weeks, 66°8 parts 
(10 At. ) of water, and no more; in vacuo over oil of vitriol, this water is | 
again given up. (Von Bliicher, Pogg. 50,542.) The crystals belong to — 


the oblique prismatic system (Fig. 89), 4: m= aut AS te TI 36s = 
4: cached tha = 118° 2a: v: om 193° S39; 0h = 103° > Ol; m f= 
109° 50’; m:a=121°4 43! om sh ts = 107° 30! m : a, over a, = 101° 51. 


(Haidinger.) At a temperature still under redness, the erystals lose all 
their water, except a trace. (Clark.) “f 
This salt dissolves less easily in water than the ordinary diphosphate _ 
of soda. With nitrate of silver it gives a white precipitate without libe- — 
rating nitric acid. (Clark, Hd. J. of Sc. 7, 298; also Schw. 57, 421.) 
The pyrophosphoric acid contained in a solution of this salt is not con- 
verted into ordinary phosphoric acid when boiled by itself, but rapidly 
when boiled with phosphoric, sulphuric, hydrochloric, nitric, or acetic 
acid. (Stronmeyer, Schw. 58,132.) The salt boiled with water for three 
weeks in a glass flask, powerfally corrodes the glass, and, combining 
with its alkali, passes into a state of ordinary triphosphate of soda. 3 
(Graham.) 
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b. Monopyrophosphate.—1. Formed when the ordinary monophosphate _ 
or acid phosphate of soda, D,¢, is exposed some hours to a heat between 190° 
and 204° (374° and 399° of F.) whereby it loses 3 atoms of water and 
retains 1 atom, which is not driven off even at 235° (455° F.). (Graham.) 
—T 2. A. Schwarzenberg (Ann. Pharm. 65, 2) prepares this salt by 
dissolving the neutral compound, either crystallized or after fusion, in — 
acetic acid (whereby cold is produced), and adding alcohol. The acid salt’ 
separates in a crystalline form, and is washed with alcohol, while acetate — 
of soda remains dissolved in the alcoholic liquid. It forms a white crys- — 
talline powder, readily soluble in water; by allowing a solution of the 
neutral salt to mix slowly with a stratum’ of alcohol carefully poured 
upon it, the acid salt may be obtained in regular crystals. 7 The — 
effloresced mass dissolves easily in water. The solution has an acid 
reaction, and yields by evaporation a white friable crust, but no crystals. 
It precipitates chloride of barium, and when mixed with nitrate of silver, — 
throws down white pulverulent pyrophosphate of silver, setting half of — 
the nitric acid at liberty. Solution of soda converts it into tpysophog | 
Bete of soda, H,a. (Graham. ) : 


Calculation. . Graham. Schwarzenberg. 
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F. MerapnospHate or Sopa.—According to the degree of heat 
used in its formation, this salt appears in three different forms, which 
though the same in composition (NaO,aP0*), possess different properties, 
as if the pyrophosphoric acid passed by a gradual transition into meta- 
phorie acid. 7 | 

a. Slightly heated. If the simple pyrophosphate of soda, E,6 (or 
the common acid phosphate) is kept for some days at a temperature 
between 205° and 244° (401° and 471:2° F.) it retains, of the 26'24° per 
cent. of water; only 2°73 per cent., and if heated to near 315° (599° F.) 
only 0°37 per cent. The residue is soluble in water, with the exception of 

about 7 to 18 per cent. of the salt 6, which is formed at the same time. 
The filtered solution is neutral, and when evaporated dries up, without 
yielding any crystals, and forms a white crust, which contains 10°36 per 
cent. of water, after being dried at 100°. The solution precipitates chloride 
of barium; gives with nitrate of silver a white precipitate of pyrophosphate 
of silver, nitric acid being set free; and when treated with solution of 
soda, is converted into crystallizable dipyrophosphate. (Graham.) 
6, Strongly heated, insoluble. Formed when the salt D,c, or E,}, or F, 
is heated for some minutes not quite to redness. If the heat is slowly 
applied, a dense heavy powder is obtained; but if rapidly, the salt fuses, 
and a hard semi-vitreous mass is produced, Both varieties behave alike; 
the powder scarcely dissolves in boiling water, even after a long time. 
Koide haye no action on it, and solutions of the alkalis, after long diges- 
tion, extract only a portion of the phosphoric acid. (Graham.) According 
to Liebig, the phosphoric acid thus separated combines with the alkali in 
the form 6f tribasic phosphoric acid.  Maddrell (Mem. of Chem. Society 
of London, 3, 273) prepares a similar modification of the metaphosphate 
by igniting nitrate of soda with phosphoric acid of a syrupy consistence, 
and removing the soluble portions with water. The residue is anhydrous, 
and nearly insoluble in water, but dissolves in acids whether concentrated 
or dilute. 1 

¢. Ignited. Ordinary monophosphate of soda heated to redness enters 
into fusion without acting on glass, and yields, on cooling, a clear glass, 
which has a sweetish, not acid taste, reddens litmus, deliquesces in the air, 
and dissolves in water without producing heat. (Proust.) It dissolves 
very readily in water and alcohol. The acid reaction of the solution is so 
weak, that 4-3 parts of dry carbonate of soda added to a solution con- 
taining 100 parts of the fused salt, even produce an alkaline reaction. The 
solution evaporates at 38° in the air, becomes clammy, and ultimately dries 
up toatransparent gum. This, after being dried in vacuo over oil of vitriol, 
contains 11-14 parts (1:23 At.) of water in 102-6 parts (1 At.) of the 
salt. When it is exposed to a temperature of 204° for some days, 
only 8:44 parts (not quite 1 At.) of water remain, but it appears to be 
changed into monopyrophosphate of soda (E,). <A solution of this. salt 
does not alter by long keeping, and not even by being boiled with soda; 
but when it is completely boiled down with soda, and the residue strongly 
heated in a sand-bath, ordinary triphosphate of soda is the result. (Gra- 
ham, Pogg. 32, 56.) 

‘|_2. Pyrophosphate of soda prepared from ordinary phosphate is 
mixed with an equal weight of sal-ammoniac, and rapidly heated to 
redness; ammonia is disengaged; and after the excess of sal-ammoniac has 
been expelled, the residue consists of a mixture of metaphosphate of soda 
and chloride of sodium. This mixture is boiled with alcohol diluted 
with an equal weight. of water, which dissolyes the common salt, and 
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leaves pure metaphosphate of soda. The salt thus obtained fuses to a 
beautiful transparent glass, which deliquesces in the air, A solution of 
pyrophosphate of soda, when boiled with* sal-ammoniac, disengages 
ammonia. (Jamieson, Ann. Pharm. 59, 350, 1846.)—3. By exposing 
microcosmic salt to a regular and slowly increasing heat, dissolving the 
residue in water, and evaporating to the crystallizing point. The best 
crystals are obtained by exposing the liquid in a flat vessel to the air at 
a temperature of 30°. (II., 183.) The salt crystallizes in oblique rhombic 
prisms, a :6= 120°; a: c= 73° 80; 6: e = 84° 30’. The crystals con- 
tain 4 atoms of water. The salt dissolves in 4'5 parts of cold water; hasa 
purely saline, cooling taste; and remains for a long time undecomposed in a 
cold aqueous solution. After boiling for some time, the liquid acquires an 
acid reaction. Insoluble in absolute alcohol; dissolves with very great 
difficulty even in dilute alcohol. (Fleitmann & Henneberg, Ann. Pharm. 
65, 304.) 3 


Fleitmann & 
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Fleitmann & Henneberg have likewise prepared the compounds. 
6NaO, 4PO0° and 6Na0O,°PO*, by fusing together a mixture of 
2 (6Na0, 3PO0°) + (6Na0,6PO*) that is 2NaO, PO®+ NaO, PO®*; or a 
mixture of (6NaO, 2P0°) + (6Na0, 6PO°)—or, according to the ordinary 
view, 3NaO, PO® + 3 (NaO, PO°*)—which corresponds to 187:27 parts of 
metaphosphate of soda and 100 parts of tribasic phosphate (D,a). The 
second compound is obtained in a similar manner by fusing 2(6Na0O, 6PO°) 
with (6NaO,3PO*) or 307°5 parts of metaphosphate of soda with 100 
parts of pyrophosphate. (Vid. II. 134.) From the solutions of these new 
salts, the corresponding compounds of the earths may be prepared, and 
likewise the compound (4Na0O, 2HO, 4PO°) by dissolving the anhydrous 
salt in acetic acid, and precipitating with alcohol. It must be observed, 
however, that the existence of these new salts is not. satisfactorily esta- — 
blished; and MM. Laurent & Gerhardt are inclined to regard them as 
nothing more than pyrophosphates of soda intermediate between the 
neutral and acid salts already known, inasmuch as in the analyses of 
Fleitmann & Henneberg the water was merely determined by loss, and’ 
the absence of soda in the precipitates was not proved. (Vid. Comptes 
rend. des Travaux de Chim, 1, 12, 1849.) 4 . Ve 


SoDIUM AND SULPHUR. % 
A. MonosuLpuipe oF Soprum.—Sodium and sulphur. unite when — 
heated together, giving rise to vivid inflammation (H. Dayy, Gay-Lus- 
sac & Thénard); also at ordinary temperatures (Winkel igh). —1, By — 
heating to redness a mixture of sulphate of soda and charcoal, a flesh- 
coloured mass is obtained, which volatilizes at a red heat, burns gradually — 
if heated in the air, producing sulphate of soda, and dissolves in water — 
with disengagement of heat. (Berthier.) According to Gay-Lussac, gy 
of the soda remains undecomposed in this process, even at a strong red 
heat, so that the reduced sodium is combined with somewhat more than — 
1 atom of sulphur.—2...Dry sulphuretted hydrogen gas passed over 
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hydrate of soda in coarse powder is freely absorbed, with formation of a 
flesh-coloured mass, and production of a degree of heat above 100°, so 
that the water formed, and’ partly also that belonging to the hydrate, is 
carried off in steam. (Kircher, Ann. Pharm. 31, 339.) | Hydrate of 
soda and sulphur, when fused together, yield monosulphide of sodium and 
‘hyposulphite of soda, as in the case of potash; but the temperature 
required for the soda-compound is 275°, a little above which it suffers 
decomposition. (Fordos & Gelis.) 4] In a state of fusion, sulphide of 
sodium attacks glass and acquires a yellow colour. (Berzelius.) 

By dissolving monosulphide of sodium in water, or by half-saturating a 
solution of soda with hydrosulphuric acid gas (I1I.,31), a colourless solution 
of monosulphide of sodium or hydrosulphate of soda is obtained, which, when 
evaporated and cooled out of contact of air, yields colourless crystals, the 
form of which is an elongated rectangular prism with four-sided summits 
(Vauquelin, Berzelius); octohedrons (Vauquelin, Kircher). L’Hermina 
(J. Polytechn. 11, 837) obtained oblique rhombic prisms (fig. 85) with- 
out the « and f surfaces; 7 : the edge between wu and u = 104°; wi: u= 
110; wi :¢= 125°. This compound tastes somewhat hepatic at first, 
then caustic, alkaline, very bitter; it reddens litmus. (Berzelius.) The 
erystals, when fused in a retort, give off water and are converted into 
dry monosulphide of sodium. They become moist in the air, without 
however deliquescing, and change into sulphate of soda. (Berzelius.) 
An aqueous solution exposed to the air yields equal proportions of hypo- 
sulphite and 6-hydrated carbonate of soda. (Mitscherlich, Pogg. 8, 441.) 
This salt is very soluble in water, but less so in alcohol, which partly pre- 
cipitates it from a concentrated aqueous solution. (Berzelius, Pogg. 6, 437.) 
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B, Sutpaipe or Hyprogren anp Sopium.—When sodium is heated in 
sulphuretted hydrogen gas, it takes fire and absorbs all the sulphur of a 
quantity of the gas equal in volume to the hydrogen which the sodium 
would have evolved from water; besides this, it absorbs 4 of the same 
volume of undecomposed hydrosulphuric acid. The compound evolves 
with hydrated acids 4 as much sulphuretted hydrogen as the sodium 
made use of would have produced of hydrogen gas. (Gay-Lussac & Thé- 
nard.) The compound should therefore consist of 3 atoms of sodium, 4 
of sulphur, and one of hydrogen; but it more probably contains one atom 
of sodium, 2 atoms of sulphur, and one atom of hydrogen. | 

When solution of soda is saturated with hydrosulphuric acid gas, a 
colourless liquid is obtained, which may be considered as solution of sul- 
phide of hydrogen and sodium, or as bihydrosulphate of soda. It yields 
colourless, deliquescent crystals, soluble in alcohol. (Berzelius.) Ac- 
cording to Guéranger (J. Chim. Med. 15, 49), it yields no crystals. By 
boiling, it loses one half of its sulphuretted hydrogen; and on cooling,, 
hydrated monosulphide of sodium crystallizes out. 

Sodium is also capable of uniting with more than one atom of sulphur, 
probably indeed, like potassium, with as many as five. By heating dry 
carbonate of soda with an equal quantity of sulphur, soda-lwer of sulphur 
_is obtained, which, according to the experiments of Vauquelin (Ann. 
VOL. III. a H 
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Chim. Phys. 6, 82), may be considered as 2 mixture of sulphate of soda — 


with tetrasulphide of sodium. The mass treated with nearly absolute — 
alcohol, dissolves, leaving the sulphate of soda behind, and yields some- — 
times a crop of opaque, yellow needles united in tufts, and sometimes — 
yellow transparent cubes. The aqueous solution of the polysulphide of — 
sodium is yellow, has the same properties as that of the polysulphide of — 
potassium, and may be assumed to contain hydrosulphite ofsoda (NaS’+ 
HO= NaO, HS. . | ey th 


C. Hyposutpuire or Sopa.—]. A boiling solution of soda is satu-- 


_ rated with sulphur, and then added to a perfectly neutral solution of 


sulphite of soda, till the mixture acquires a decided yellow colour. 
The liquid is filtered, evaporated to a small bulk, and cooled, and the 
crystals obtained are puritied from adhering sulphide of sodium by recrys- — 
tallization. (A. Lenz, Ann. Pharm. 40, 94,)—2. Sulphurous acid gas is 
passed through a solution of soda which has been saturated with sulphur . 
at a boiling heat, till a filtered portion appears of a faint yellow, but not 
altogether colourless,—because, if a small quantity of sulphide of sodium 
is left inthe solution, that substance oxidizes first in the air, and so - 
prevents the decomposing action of the atmosphere on the hyposulphite — 
of soda, The filtrate is rapidly evaporated to a syrupy consistence— 
filtered again, if necessary—one measure of the liquid well shaken with 
half a measure of alcohol—and the whole set aside at rest. Below the 
yellow alcoholic stratum containing sulphide of sodium, the hyposulphite 
of soda crystallizes out from its solution in water, in large colourless erys- 
tals. (Capaun, J. pr. Chem. 21, 810.)—3. Two parts of anhydrous sulphate ~ 
of soda are heated to redness. with one part of charcoal; and the mass, 
which contains sulphide of sodium, left to cool, and then boiled with water — 
and one part of sulphur; the filtrate, when sufficiently concentrated, is 
exposed to the air in a basin, and the crystals formed are purified 
from adhering sulphur by re-crystallization. This process takes a long ~ 
time.—4. An aqueous solution of sulphite of soda is saturated with — 
sulphur in a close vessel, then filtered, and evaporated to the erystallizing 
point. The liquid rapidly deposits sulphur and yields principally sul- 
phate of soda. (Capaun.)— 5. One pound of pure crystallized carbo-— 


- nate of soda is dried as perfectly as possible, and intimately mixed with 
5 ounces of pure sulphur—the mixture gradually heated in a glass or — 


porcelain basin to the melting point of the sulphur, and kept at that tem- — 
perature for some time, stirring constantly, in order to bring every part 
in contact with the air. The sulphide of sodium formed at first, absorbs — 
oxygen from the air, and is converted, with feeble incandescence, into 
hyposulphite of soda. The mass when cold is dissolved in water, boiled — 
with sulphur for some time, and the filtrate evaporated to the crystallizing — 
point. Very fine and pure crystals are obtained in this manner: Ifthe | 
heat employed is too strong, part of the sulphur is burned off and carbo- — 
nate of soda remains undecomposed ; in this case a second crystallization — 
is necessary, (Walchner, Ann. Pharm. 46,235.)T Ro a 

Hyposulphite of soda crystallizes, according to Mitscherlich (Pogg. 
12, 140), from a hot aqueous solution, uncombined with water of crystal-— 
lization; from a less concentrated solution it crystallizes, as it cools, in — 
large, clear, oblique prisms belonging to the right prismatic system, nearly — 
resembling /ig. 87; but between the two w-faces there are two z-faces in — 
iddition ; 7: the axis = 76° 2; 2@ = 165° 5; 4: ¢ 100° a te =e 
404° 553 ul: = 124° 15's ase = 164° 30's 2: 2 140° 24; (Prevosay 
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taye, V. Ann. Chim. Phys. 3,353 ; Compt. vend. 13, 873.) The 2-surface 
stands obliquely on the acute lateral edges, which are truncated. (Ram- 
melsberg.) Inodorous, tastes cooling, afterwards bitter, slightly alkaline 
and sulphurous. (Vauquelin, Scher. Anno 8,170.) It has no alkaline 
reaction; remains unaltered in the air. (Chaussier, Scher. J. 8, 470.) 
The crystallized salt fuses when heated, and remains fluid a long time 
after cooling; if the heat be carefully applied, the salt loses, without 
decomposition, 35°97 per cent. of water (Rammelsberg); at a higher tem- 
perature sulphur is evolved, and a brownish mixture left, consisting 
of sulphide of sodium and sulphate of soda. (Vauquelin, Rammelsberg, 
Pogg. 56, 298.) Heated in the open air, it burns with a blue flame. 
(Chaussier.) It dissolves readily in water, but not in alcohol. In_ close 
vessels, the aqueous solution deposits sulphur till nothing but sulphite 
of soda remains in the liquid; exposed to the air, it deposits sulphur, 
and is converted into sulphate of soda. (Cassaun.) 
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An aqueous solution of 2 atoms of hyposulphite of soda dissolves one 
atom of iodine without becoming coloured, and still remains neutral; 
it then contains one atom of iodide of sodium and one atom of a com- 
pound consisting of one atom of soda with a new acid of sulphur (desw/- 
phuretted hyposulphuric acid (or tetrathionic acid), which contains 5 atoms 
of oxygen to 4 atoms of sulphur. : 


2(NaO, $202) + I = Nal + NaO,S‘0°. 


On boiling the solution, the salt is resolved into free sulphur, sulphur- 
ous acid which escapes, and sulphate of soda which remains dissolved. 
(Fordos and Gélis, Compt. rend. 15, 920.) , 


{ D. Pentarntonate or Sopa. (Vid. Pentathionic acid.)—Na0,$°O°. 
An unstable compound known only in solution. . 


E. TrrraTHionateE oF Sopa.—Na0O,$'0% (See above.) Kessler 
(Pogg. 74, 249) prepares this salt by dropping a neutral solution of chlo- 
ride of copper into a solution of hyposulphite of soda till a precipitate 
appears, and then mixing with alcohol. The salt fuses in its own water 

of hee with separation of sulphur and eyolution of sulphurous 
acid. - 


¥. Triratonate or Sopa.—Na0,8*0% Prepared in the same man- 
ner as the corresponding potash-compound. 4 


_ G. Sutpuire or Sopa.—a. Monosulphite.—Obtained in the same 
manner as sulphite of potash. Known only in combination with water. 
Transparent, colourless, flattened, four and six-sided prisms, with dihedral 
summits; having a fresh taste, afterwards sulphurous, and turning reddened 
litmus-paper blue. It contains in 100 parts, according to Foureroy and 
_ Vauquelin, 18°8 parts of soda, 31:2 parts‘of sulphurous acid, and 50 parts 
of water (= 8 atoms). Changes gradually in the air into sulphate of 
soda, Ftses when heated, gives off water and sulphur, and is converted 
cas Hg 


\ 
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into sulphate of soda with excess of base. Dissolves in 4 parts of cold — 
water, with reduction of temperature, and in less than an equal quantity — 
of boiling water. (Fourcroy & Vauquelin, Ann. Chim. 24, 264; also — ; 
_Crell. Ann. 1800, 2, 405.) Muspratt obtained this salt combined with — 
10 equivalents of water, corresponding to the carbonate. It is most — 
soluble in water at 33° (91:4° F.), and less soluble at higher temperatures, _ 
(Mitscherlich.) ie Ere Ee ne ea 

_b. Bisulphite—An aqueous solution of carbonate of soda is saturated _ 


with sulphurous acid gas. Crystallizable; does not redden litmus. (Gay- 


-. Lussac & Welter.) ‘I Obtained in a similar manner by Muspratt, in — 
opaque crystals. Precipitated in a granular form by alcohol from a — 
solution of soda saturated with sulphurous acid, ~Less soluble in water — 

than bicarbonate of soda; has an acid reaction and unpleasant sulphurous — 

taste; evolves sulphurous acid in the air; decrepitates when heated, and 

1s resolved into sulphate of soda and free sulphur. cart a 


Calculation. Muspratt. Calculation. Muspratt. 
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H. Hyposunpuats or Sopa.—An aqueous solution of hyposulphate 


of baryta is precipitated at a boiling heat by carbonate of soda, then — 
filtered and evaporated. Large transparent: prisms belonging to the right — 
prismatic system (Jig. 77), but without the ¢ and n-faces; 7:@= © 
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90° 38'; w:m 135° 12’. The crystals have a bitter and peculiar taste, — 


are permanent in the air, decrepitate slightly when heated, and on 
being heated to redness, leave 58°24 per cent. of sulphate of soda. They — 


P Ogg. a 76.) fs 
Crystallized, according to Heeren. 
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dissolve in 2:1 parts of water at 16°, and in 1:1 part at a boiling heat c- 
~ the solution is not decomposed by boiling. Insoluble in alcohol. (Heeren, — 


I. Sunpwate or Sopa.—a. Monosuupuate.—Glauber’s Salts, Sal . 
mirabile Glaubert.—Found in the-anhydrous -state, effloresced on the sur- 


_- face of the ground by the heat of the sun, as Zhenardite; in the state of 


/ 


solution in sea-water, in salt springs, and many other mineral waters.—~ — 


1. Obtained from certain mineral waters by evaporation and subsequent 


cooling.—2. Many salt springs, and frequently also the mother-liquor — 
obtained from common salt, yield crystals of Glauber’s salt at freezing — 
temperatures. This may either be present naturally, or it may be formed _ 
from common salt and sulphate of magnesia contained in the liquid,— ~ 
these salts decomposing each other in the cold (at a temperature of + 10°, 
according to Balard, J. Pharm. et Chim. 6, 406) by double affinity (I., 131); 


the mother liquor obtained from sea-water behaves in this way. The i” 
solid residue of the salt-pans also, freed from common salt by cold water, — 
frequently yields Glauber’s salt when boiled.—3. By heating common 
salt with sulphuric acid, whereby hydrochloric acid is also obtained at the _ 
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~ game time.—4. From the residue obtained in the preparation of chlorine 
- by common salt, sulphuric acid, and peroxide of manganese. Part of the 
-yesidue is heated to redness with charcoal; the resulting sulphide of sodium 
~ dissolved out by water; and the manganese precipitated by it from the 

aqueous solution of the remaining portion.—5. A solution of common salt 

and of ferrous or ferric sulphate is exposed to a freezing temperature, at 
which temperature sulphate of soda erystallizes out; or the mixture. is 
heated to redness, by which means the chloride of iron partly volatilizes, 
and the rest is resolved by the oxygen of the air into chlorine and sesqui- 
oxide.—6. A by-product in the preparation of sal-ammoniac (II., 478) 
and magnesia alba, and in the amalgamation of silver ore.—7. May be 
obtained from many glass slags (@lasgalle), if native or artificial soda has 
been used in the preparation of the glass—8. By exhausting with water 
the ashes of Zamarix gallica. 

The salt is obtained as an anhydrous mass, by leaving the 10-hydra- 
ted salt to effloresce or by heating it to redness; or according to Faraday 
(NV. Quart. J. of Sc. 3, 223), in anhydrous crystals, by evaporating an 
aqueous solution at a temperature considerably below 100°; according to 
Mitscherlich, even at 40°. The anhydrous salt forms in crystals be- 
longing to the right prismatic system; rhombic octohedrons (%g. 59), 
partly still retaining the ¢-surface (from ¢ to the vertex). @ : a! = 
ee ea = 193° 49'; ta) a. 104° 1855: at sak Se BDO" 2 1": 
@:t = .184°19'; wu :¢= 125° 191’; readily cleaving parallel to ¢ and a, 
(Mitscherlich, Pogg. 12, 188; 25, 301.) The Thenardite of Aranjuez 
has the same form; wu :u nearly = 125° (Casaseca & Cordier, Ann. 
Chim. Phys. 32, 208.) Thomson (Ann. Phil. 28, 401) obtained rhombic 
octohedrons in which a : a} = 75° anda: a = 140°. The crystals are 
transparent. The fused salt solidifies on cooling to a transparent, crystal- 
line, foliated mass. ‘The specific gravity of the crystals = 2°73 (Cordier), 
2-645 (Thomson); that of the solid fused salt = 2°6313 (Karsten). The 
crystals, when exposed to the air, become opaque on the surface by ab- 
sorbing water. Ata strong red heat, the salt melts to a thin liquid. Its 
taste is bitter and saline, and in the hydrated state cooling at the same 
time. According to Morveau, it has an alkaline reaction on logwood, 
but not on turmeric. By ignition with charcoal, it is changed into 
monosulphide of sodium. Milk of lime converts it in solution, 
though but imperfectly, into gypsum and soda. (Scheele, Opusc. 2, 170; 
Gren, Crell. Auswahl d. n. entdeck. 8,111.) With chloride of potassinm 
or nitrate of potash it yields sulphate of potash. (Karsten.) Hydrochlo- 
ric acid gas has no effect on the anhydrous salt; solution of hydrochloric 
acid converts it into chloride of sodium and bisulphate of soda. 
-(Kane.) 
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Combinations with Water: So? (oe So 

a. With 8 Atoms of Water.—Crystallizes from the fused 10-hydrated 
salt at a temperature of 12° (53:6° F.) (Ziz); also from a solution of 
this salt in half its weight of water at 7° (44°6° F.); and above that 
temperature, if the fluid remains undisturbed in a covered vessel. (Ziz, 
Faraday, vid. I., 10.) Double four-sided pyramids, or elongated four- 
sided tables, with acuminated edges (Ziz); four-sided prisms, with dihedral 
summits (Faraday); transparent; much harder than the 10-hydrated 
salt. (Faraday, Quart. J. of Sc. 19, 152; also Pogg. 6, 82.) As the 
10-hydrated salt crystallizes out on agitation, contact of air, &c., from the 
remaining liquid, the crystals of the 8-hydrated salt. become white and 
opaque: and even when the liquid above them is mixed with warm water, 
the whole poured off, and an attempt made to loosen the crystals with 
a rod, the opacity spreads from the point of contact, and radiates 
through the whole crystalline mass, which becomes heated and quite dr 
throughout, probably from formation of the 10-hydrated salt. (Ziz, Schew. 
15, 166.) ae 


: 8-hydrated salt. Faraday. Ziz. 

Nah), S03. notes: C2 aes 2 pains DO See 45 to 50 
BELO) eras eee F290 ge bOI2B Wake. BO Seer 55 ,, 50 
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B. With 10 Atoms of Water.—The ordinary crystals..of Glauber’s 
salt are produced at a lower temperature, and from a more dilute 
solution than the above. Crystalline system,, the oblique prismatic 
(Hig: 119)3)4 Pt: == 107° 44'5 4 ye S= 1182 18'5: 4; 06 Oe POG 
43 backwards = 180° 45'; wv: wt = 80° 245. u:% = 180° 189s 
= 162° 38'; w : m = 189° 48'.) Brooke, Ann. Phil. 23, 21.) Also 
_(Prevostaye, Ann. Chim. Phys. 78, 354.) The crystals are very large, 
transparent, and of specific gravity = 1°35. (Thomson.) They effloresce 
in the air, losing all their water. (Gay-Lussac.). They effloresce completely 
in an atmosphere at 14°5°, when the dew-point stands at 9°5°, but no 
longer when the dew-point is above 10° (H. Wattson), they also lose the 
whole of their water in vacuo over oil of vitriol, and re-absorb none from 
the air. (Von Blicher.) The perfectly effloresced salt swells in very 
moist air to three times its’ bulk, and then becomes a crystalline mass of 
ordinary Glauber’s salt, with-a slight excess of water. (Graham, WV. Quart. 
J. of Sc. 6,557.) In air completely saturated with moisture, the effloresced 
salt, deliquesces perfectly in 80 days, (R. Brandes, Schw. 51,430.) When 
the crystals are gently heated, the greater part fuse, withdrawing the — 
water from that portion which separates in the anhydrous state, and | 
forming a solution, which, according to Faraday, appears to contain, 
at §2:2°, ‘18 atoms of water to 1 atom of the dry salt. According 
to Brandes and Firnhaber, the fusion begins at 31°, and is as far as 
possible complete at 37°5°. The salt hereby separated in the solid 
form contains less water in proportion as the temperature is higher; that 
which separates at 37°5° contains 43; that between 50° and 62° contains 35; 
that at 75° contams 20°7, and that 100° contains 14°5 per cent. of water. 
Cold alcohol ‘does not withdraw any water from the powdered crystals, — 
but 2 parts of alcohol acting on 1 part of the crystals at 37°5° (99°5° F.) 
leave a salt. which contains only 32°5 per cent. of water.. (Brandes & 
Firnhaber.) ~° (geh., 3 79 


* 
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) | 
10-hydrated salt. - Bergman. , Kirwan. Berzelius. 
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y. Agueous solution.—One part of the 10-hydrated salt requires for 
solution 8°22 parts of water at 0°; 2°08 parts at 18°; 1 part at 25°; 0:37 
parts at 32°; 0:31 parts (the smallest quantity) at 33°; and 0°38 parts at 
504°. (Gay-Lussac.) At 33°, 15-5 atoms of water take up one atom of the 
anhydrous salt. One part of the crystals dissolves, at 7°5°, in 6°1; at 12°5°, 
in 3°44; at 18°75°, in 2°41; at 25°, in 0°7; at 31:25°, in 0°21; at 37°5°, in 
0°34; at 43°75°, in 0°38; at 50°, in 0°39; at 56°, in 0:4; at 62°5°, in 0°45; 
at 69°, in 0°41; at 75°, in 04°2; at 81°, in 0°46; at 87°, in 0°45; at 94°, in 
0:44; and at 100°, in 0°41 parts of water. (Brandes & Firnhaber, Br. 
Arch. 7,151.) One part of the crystallized salt dissolves at 20° (68° F.) 
in 1-724 parts of water, forming a solution of specific gr ity 11259. 
(Karsten.) A solution saturated at 33° deposits crystalsyof the anhy- 
drous salt at 100°. (Faraday, Haidinger, Mitscherlich.) According to 
Brandes & Firnhaber, the salt which separates still contains 278 per 
cent. of water; and alcohol precipitates the 10-hydrated salt from a cold 
saturated solution. [Tables of specific gravity, per centage, and boiling 
point of the solution by Brandes & Gruner, Br. Arch. 22, 148.] 

Thomson describes a sesqui-sulphate of soda, which exists in the residue 
left after the preparation of hydrochloric acid; crystallizes in rectangular 
prisms; and contains no water: it requires, however, more accurate exa- 
mination. (Ann. Phil. 26, 436; also Pogg. 6, 80.) 

b, BisuLpHate.—Obtained in the anhydrous state by heating 10 parts 
of dry sulphate with 7 parts of oil of vitriol, till the mixture remains 
tranquil at a dull red heat. (Berzelius.) By dissolving this mass in twice its 
weight of hot water and then cooling, it is obtained in hydrated crystals 
(Berzelius); or by dissolving Glauber’s salt in dilute sulphuric acid, eva- 
porating, and cooling. (Thomson.) The crystallization must take place 
ina warm situation; for at ordinary temperatures, the simple sulphate crys- 
tallizes out even when a large excess of acid is present. (Graham.) Long 
transparent, four-sided prisms with oblique terminal faces; specific 
gravity 1°8; taste very acid. The crystals melt at a gentle heat, and 
if kept fused a long time at 149°, lose nothing of their weight; at a 
higher temperature they boil, give off water and sulphuric acid, and 
solidify to a solid crust which fuses again at a stronger heat; and when 
the heat is still further increased, all the excess of sulphuric acid is 
given off in the form of sulphurous acid and oxygen gas, 45°5 per cent. 
of the simple sulphate being left behind. (Thomson.) The erystals con- 
tinue transparent at 149°; fuse a little above 315°, evolving only a trace 
of adhering water; and at a higher temperature, yield oil of vitriol 
(Graham, Phil. Mag. J. 6, 331); there remains 48°5 per cent. of the 
normal salt. (Thomson.) Water resolves this salt into simple sul- 
phate of soda and hydrated sulphuric acid with still greater facility 
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than the corresponding salt of potash. (Graham.) From a solution in 


4 parts of hot water, Glauber’s salt crystallizes out ‘as it cools. (Brandes 


& Firnhaber.) Alcohol completely withdraws the second atom of sulphu- 
ric acid from the powdered salt. (Brandes & Firnhaber, Br. Arch. 7, 173.) 
(O. Henry and Soubeiran, J. Pharm. 11, 487.) The crystals are perma- 
nent in the air. (Berzelins. : | 

According to Link (Crell. Ann., 1796, 1, 27), they deliquesce slowly in 
the air, and dissolve in 2 parts of cold water. | 


According to Graham. BR fin. Brandes. 
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Either the crystals experimented on were of different composition, or 


some of them must have been analyzed in an impure state. 


G: Dovsie SuLPpHIDE oF CARBON AND Sopium and Hyprosvt- — 


PHOCARBONATE OF Sopa.—Solution of monosulphide of sodium in water | 


is digested with bisulphide of carbon in a close vessel for some days, at a 
temperature of 30°, and the liquid evaporated.—Brownish yellow salt, 
crystallizing only after the solution has been more concentrated; of a 


cooling, peppery, and afterwards. hepatic taste. When perfectly dried 
and heated to redness in.a close vessel, it decomposes, fusing and passing 


into a mixture of carbon and tersulphide of sodium. It attracts moisture 
from the air and dissolves readily in water and alcohol. (Berzelius.) 


SopIuM AND SELENIUM. 


A. SELENITE oF Sopa.—a. Mono-Selenite.—Does not crystallize on 
cooling, but only by evaporation of an aqueous solution in vacuo; it then 


forms small grains, permanent in the air, which taste like borax, and — 


dissolve very easily in water, but “not in alcohol. According to Mus- _ 


pratt, it forms radiated crystals, which fuse without decomposition. 


oe SR a8. . Calculation. Berzelius. 
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b. Bi-selenite.—Crystallizes out during the slow cooling of a syrupy 


solution, in needles united together in tufts, which do not effloresce in the | 


air, but melt when heated, losing their water of crystallization, and form- 
ing a liquid which is yellow while hot, and solidifies on cooling to a white 
mass of a fibrous texture. At a red heat; the salt loses half its acid. 
Its formula is NaO, SeO? + HO, SeO? + 2Aq. 3 
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Anhydrous. | Berzelius. 
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170°2 ........ 100°00 


c. Quadro-selenite. —Crystallizes by spontaneous evaporation in 
needles which are permanent in the air. (Berzelius.) Not very deli- 
quescent, and consisting of NaO,SeQ? + 3(HO,Se0”) + Aq. (Muspratt.) 


B. SELENIATE oF Sopa.—Preparation (II. 240, 1.)—Crystallizes from 
an aqueous solution at a temperature above 40°, in anhydrous crystals 
identical in form with those of anhydrous sulphate of soda: Fig. 59, 
sometimes also with the ¢-surface; a : a)! = 184° 22); a : at = 128° 18). 
Like sulphate of soda, it is most freely soluble in water at 33°. (Mits- 
cherlich, Pogg. 17, 138.) 


SopIUM AND JopDINE. 


A. Iop1pE or Soprium.—Found in the ashes of marine and littoral 
plants. Formed by saturating an aqueous solution of hydriodic acid 
with soda. Crystallizes from this solution, when evaporated at tempe- 
atures between 40° and 50°, in anhydrous cubes similar to those of 
common salt. (Mitscherlich.) Less fusible than iodide of potassium, 
and solidifies on cooling to a radiated mass. of pearly lustre. (Girault.) 
Not so volatile as iodide of potassium (Gay-Lussac, Girault), but more 
so than common salt. (Mohr. Ann. Pharm. 21, 66.) Loses iodine if 
fused in the air, soda being formed. (Berzelius.) Heated to redness in 
the air with charcoal, it is for the most part converted into carbonate of 
soda, while iodine escapes.. In close vessels containing air, it assumes a 
rose colour, owing to the formation of carbonate of soda and periodide of 
sodium. (Girault, J. Pharm. 27, 390.) 


Calculation. 
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Lodide of Sodium with 4 Atoms of Water, or Hydriodate of Soda with 
3 Atoms of Water.—This salt crystallizes at ordinary temperatures from 
an aqueous solution of iodide of sodium. Large, transparent, longitu- - 
dinally striated oblique rhombic prisms, belonging to the oblique pris- 
matic system (Fig. 87), generally in tables with the é-face enlarged. 
%:uor u' = 109° 48’; 4; the edge between w and w= 118° 121’; 7:h 
= 119° 48’; 2: the edge between i} and h = 124° 18'; «:a=149° 
AT}; uh > u = 118° 82!3) heh = 128° 451!, (Mitscherlich, Pogg. 17, 
385.) The crystals melt if gently warmed, and on being more strongly 
heated, leave dry iodide of sodium. (Gay-Lussac.) They do not change 
so rapidly in vessels containing air as the anhydrous salt; the aqueous 
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ing a mixture of oxygen and carbonic acid gas through it. The crystals 


solution is also more stable, so that it is not decomposed even by pass- 


effloresce in dry air, but, like the dry iodide, deliquesce in air moderately < 


charged with moisture. (Girault.) They dissolve in 0°6 parts of cold water 
(Gay-Lussac), and also in alcohol when not too strong. (Girault.) 


Calculation. _ Mitscherlich, Girault. 
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_ The erystals used in Girault’s experiment, evidently contained mother- 
liquor still enclosed in them. a 


B. AgquEous PERIODIDE oF SoDIuM, or HyYpDRIoDITE oF Sopa.— 
Prepared by dissolving iodine in solution of iodide of sodium. Forms a 
brown solution which gives up its excess of iodine on evaporation much 
more readily than the corresponding potassium-compound. 
C. Di-HyporopiTE or Sopa?—On heating di-periodate of soda 
2Na0, 107 to low redness, 6 atoms of oxygen escape, leaving a residue 
— 2Na0,10, which, on raising the temperature, passes into a mixture 
of iodide of sodium and soda, with loss of 2 atoms of oxygen. The com- 
pound 2Na0, IO attracts water from the atmosphere greedily, and iodine 
is set free on its surface (from absorption of carbonic acid?). It is dis- 
solved with difficulty by cold water. The solution turns reddened litmus 
paper blue, and bleaches it at the same time. It loses this bleaching 
property by boiling; because, by this means, the salt is resolved into 
iodide of sodium, soda, and iodate of soda precipitable by alcohol. 


3(2Na0, 10) = 3NaO + 2Nal + NaO, 10%. 


In boiling water it also dissolves easily, the same decomposition 
taking place. (Magnus and Ammermiiller, Pogg. 28, 523.) The same 


compound remains after heating iodate of soda to low redness, when, ifno 


excess of soda is present, iodine escapes together with the oxygen. 
(Liebig, Ann. Pharm. 27, 43.) If a solution of iodine in caustic soda is 


eyaporated to dryness and exposed to a red-heat, iodine is evolved; and 


the residue dissolved in water yields erystals, from-the aqueous solution 
of which acids precipitate all the iodine. (Preuss, dun. Pharm. 26, 94.) 


D. Ioprre or Sop’ ?—TIodine is dissolved in a cold aqueous solution of 
soda not very highly concentrated (or of carbonate of soda: Penny), till it 


begins to turn brown ; the liquid is then left to evaporate in a cold place 
e d 


xposed to the air till it crystallizes. (Mitscherlich.) Prisms of iodate 
of soda appear first, but afterwards dissolye and are replaced by the 
erystals of this compound. These crystals are also produced in a few 
days, by mixing crystallized iodate of soda with a concentrated solution 
of iodide of sodium in excess. (Penny.) Regular six-sided prisms, perpen- 


dicularly truncated; permanent in the air (Mitscherlich); of sharp saline _ 


taste; neutral to vegetable colours ; efflorescing in the air. (Penny.) The 
erystals, when heated, evolve a great deal of water at first, and afterwards 


oxygen with a trace of iodine. (Penny.) A little hot water or cold © 


alcohol decomposes the into iodide of sodium which dissolves, 


and iodate of soda. Cold water dissolves them undecomposed. From 
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this solution, Ne and nitric acids precipitate iodine and separate 
iodic acid; hydrochloric acid behaves in the same manner, but an 
excess redissolves the iodine, forming with it and the iodic acid, chloride 
of iodine. (Mitscherlich, Pogg. 11, 162; 17, 481.) A lemon-coloured 
precipitate is produced in the solution by acetate of lead; a light yellow, 
by nitrate of mercuric oxide; and a yellowish precipitate, by nitrate of 
silver. It does not turn solution of starch blue. On evaporating the 
solution, a considerable quantity of iodate of soda, accompanied with but 
little of the undecomposed compound, crystallizes out, (Penny, Ann. 
Pharm. 37, 202.) 


Calculation. 
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It may therefore be regarded either as a 10-hydrated compound of 
soda with an iodous acid containing 2 atoms of oxygen, or as a 20-hydrated 
compound of iodide of sodium with iodate of soda. (Mistcherlich.) Ac- 
cording to Penny’s analysis, the crystals are = 3Nal + 2Na0, IO° + 
38 Aq. . 


E. Ionatre or Sopa.—Gay-Lussac distinguished a basic salt. This 
he obtained, sometimes in six-sided prisms, by evaporating a solution of 
iodine in soda-ley, sometimes in silky needles, by decomposing the iodate 
of soda dissolved in water, by means of soda, The former crystals are 
considered by Rammielsberg (Pogg. 44, 546) as identical with Mitscher- 
lich’s iodite. The latter according to Rammelsberg, are unaltered iodate 
of soda. 

a. Mono-topatre.—1l. Chlorine gas is passed to saturation through 10 
parts of water, containing one part of iodine diffused through it; the liquid 
is neutralized with carbonate of soda; chlorine again passed through, in 
order to dissolye the iodine thus thrown down; again neutralized with 
the carbonate; the iodine which separates again dissolved by means of 
chlorine; and so on. The liquid is then evaporated.to 4, its bulk; mixed, 
while still warm, with ha!fits volume of alcohol, and the compact crystal- 
line mass consisting of eight-sided prisms which is produced on cooling, is 
freed from adhering chloride of sodium, by washing with alcohol. (Liebig, 
Pogg. 24, 362.) An excess of carbonate of soda must be avoided; other- 
wise, di-perigdate of soda will be formed. (Magnus & Ammermiller.) The 
addition of alcohol is unnecessary, as the less soluble iodate can be sepa- 
rated from the common salt by crystallization. (Duflos, Schw. 62, 390.)— 
2. An aqueous solution of terchloride of iodine is incompletely saturated. 
with caustic soda or carbonate of soda; the iodate of soda.is then precipi-~ 
tated by alcohol, washed with the same menstruum, and left to crystallize 
from a solution in water. (Serullas, Ann. Chim. Phys. 43, 125.) . 

The crystals thus obtained yield the anhydrous salt if dried at 150°. 
(Rammelsberg.) This salt melts when heated, and evolves, while still 
below redness, 24°45 per cent. of oxygen together with iodine, leaving 
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iodide of sodium mixed with soda (Gay-Lussac) ; according to Liebig, it 
leaves dihypoiodite of soda; when heated to redness, it yields 24:21 per 
cent. of oxygen and 75°79 of iodide of sodium. (Benckiser.)— It detonates 
on glowing charcoal, and slightly when mixed with sulphur and struck. 
(Gay-Lussac.) With concentrated hydrochloric acid it yields water, 
chlorine, and a yellow liquid, which probably contains terchloride of iodine 
and sodium, but does not yield this compound in a crystalline form. 
(Filhol, J. Pharm, 25,440.) Heated with a small quantity of nitric acid 
it yields biniodate, and with a larger proportion, teriodate of soda in the 
anhydrous state. (Penny.) Dissolved hot in a mixture of equal quanti- 
ties of oil of vitriol and water, it gives by evaporation erystals which 
when laid upon bibulous paper and nearly dry, become all at once fluid 
and tenacious. (Liebig.) 

It forms crystals with 8 different proportions of water.—%. Millon 
(Ann. Chim. Phys. 3, 9, 400) obtained crystals of iodate of soda containing 
under different circumstances 2, 4, 6, 10, 12 and 16 equivalents of water, 
while Rammelsberg succeeded only in preparing the bihydrate and the 
decahydrate. 1. 


a. Bihydrated.—Obtained by evaporating an aqueous solution in mo- 
derately warm air. (Rammelsberg.) By cooling a hot concentrated solu- 
tion. (Penny.) Forms fine silky needles united together in tufts, which, if 
the temperature sinks below + 5°, are converted, under the liquid, into 


the crystals y, At 150° they lose all their water. (Rammelsberg, - 


Penny.) 


B. Sexhydrated.—Crystallizes on cooling from a more dilute solution 
in long four-sided prisms. (Penny, Ann. Pharm. 37, 203.) 


y. Decahydrated.—Obtained by spontaneous evaporation below + 5°. 
Transparent and colourless, Clear octagonal prisms with six-sided sum- 
mits, which rapidly change in the air, with loss of 8 atoms of water, 
into the salt a If this change takes place very slowly, the crystals are 
converted into.a mass of needles of salt «. (Rammelsberg, Pogg. 44, 548.) 

The salt dissolves at 14°5° in 13°8 parts of water: it is insoluble in 


alcohol. (Gay-Lussac. ) & 
Anhydrous. Bihydrated. Rammelsberg. 
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b. BINIopATE oF SopaA.—To an aqueous solution of terchloride of iodine 
simple iodate of soda is added first, and alcohol afterwards ;—the biniodate 
then falls down. But this salt, if dissolved in water and evaporated, yields 
crystals of the simple iodate, and an acid mother liquor. (Serullas, Ann. 


Chim. Phys. 45, 59.) By evaporating also a mixture of the iodate with | 


an excess of iodic acid, the simple salt crystallizes out first, and then the 


iodie acid. (Rammelsberg.) Penny obtained a bin-acid and ter-acid salt, 


by treating the simple iodate with nitric acid (vid. supra), 


| 
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F, PrerropaTtE or HyPERIODATE oF Sopa.—a. Di-periodate.—1. The 
same method is employed as in the preparation of the iodate according to 
Liebig (III., 107), except that an excess of carbonate of soda and chlorine 
is used, (according to Benckiser, 7 parts of carbonate dried in the air and 
one part of iodine)—and the solution is evaporated at a temperature near 
100°, till the salt separates.—2. Better: Chlorine gas is passed through 
a warm solution of iodate of soda and caustic soda. The salt is then 
deposited in a crystalline form, as the concentrated solution cools. At a 
low red heat it runs together and evolves 10°258 per cent. (3 At.) of 
water, and 17°895 per cent. (6 At.) of oxygen, leaving dihypoiodite of soda, 


2NaO, 107 + 3HO = 2Na0,1IO + 60 + 3HO; 


afterwards, at a full red heat it evolves 4'767 per cent. more of oxygen 
[this amounts to only 1°3 atoms, and the loss should really be 2 atoms]; 
the residue consists of soda and iodide of sodium in equal numbers of 
atoms. Insoluble in cold, and but slightlyy.in hot water. (Magnus & 
Ammermiller, Pogg. 28, 514.) Dissolvegasily in dilute acetic acid, with 
formation of iodate of soda and formi acd. (Benckiser, Ann. Pharm. 
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BP er cncsceacchete bic. Wye SO nae GORA Soin ates 10°26 
2Na0,107+3Aq. 2714 ce 10000 access 100-00 ” ” 


b. Monoperiodate.—The salt @ is dissolved in aqueous hyperiodic acid 
to saturation, and evaporated to the crystallizing point. Colourless 
crystals permanent in the air, and not containing water. Ata red heat 
it is resolved into 28°754 per cent. of oxygen gas and 71-949 per cent. 
of iodide of sodium. Readily soluble in water. (Magnus & Ammer- 
miller.) | 


Calculation. 
1 cE GN Reon OR re PE tea y taskeeees 14°63 
\ CL AAR eae aS Peete oo eels 85°37 
AUTOM «siccccsca hc ee a es 100°00 
¥ ~ : ‘ 


SopIuM AND BrRomINE. 


A. Bromipe or Soprum.—1. An aqueous solution of hydrobromic 
acid is saturated with soda and evaporated at a temperature above 30°. 
(Mitscherlich, Pogg. 17, 885.)—2. Bromide of iron dissolved in water is 
decomposed by carbonate of soda in atomic proportions—the mixture 
boiled for a short time—then filtered and evaporated. (O. Henry, 
J. Pharm. 15, 54.)—Crystallizes in cubes. (Mitscherlich.) Tastes rather 
alkaline than saline. (O. Henry.) Crystallizes from an aqueous solution 


at ordinary temperatures, in combination with 4 atoms of water, in 


oblique rhombic prisms which perfectly agree with those of the hydrated 
iodide of sodium (III., 195). (Mitscherlieh.) They are pellucid, and fuse 
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when heated, leaving bromide of sodium. At ordinary temperatures Re 
they are permanent in the air. (Mitscherlich.) Readily soluble in water 
and alcohol. (O. Henry.) | 


Anhydrous. _ Hydrated. Mitscherlich, = 
NaS. 23°2 8... 22°83 ABE te alviiniiin 101°6 «a: 73°84) ee aeGe . 
BEMIS LOT Apah ee LEAT AHO. oisbsdid oct 360) a2 26:16 Ge Gore 
Na, Br. 101°6 .... 100-00 NaBr + 4Aq..... 137°6 .... 100°00 .... 100°00 


B. Hypratep PERBROMIDE oF SopiuM oR HyYDROBROMITE OF SODA. 
Behaves like the corresponding potash-compound. (Balard.) 


C. HypopromitEe or Sopa.—A small quantity of bromine added to 
solution of soda, imparts to it bleaching properties which increase with 
the addition of more bromine; but if an excess be added, the bleaching 
power is destroyed, owing to the formation of bromate of soda which 
separates on concentrating the solution. The behaviour of bromine with 
carbonate of soda is also precisely similar to that described under potash. 
(Balard.) 


D. BromatE or Sopa.—Prepared similarly to bromate of potash.— 
Crystallizes from the aqueous solution at a temperature above 4°, in small 
anhydrous shining crystals, identical in form with those of bromate of 
potash (Léwig) and chlorate of soda. (Mitscherlich.) Tetrahedrons with 

the surfaces of the opposite tetrahedron, the cube, and the rhomboidal 
- dodecahedron, (Rammelsberg, Pogg. 52, 85.) The crystals melt when 
heated, and are converted, with loss of oxygen, into bromide of sodium. 
They detonate on ignited charcoal, and also by percussion, when mixed 
with various combustible substances. (Lowig.) 


Calculation. 
NaO iietiStReti 33°23" Vacate 20°86 
BPO? ich ct tacos DEW Bek ee 79°14 
NaO, BrO® 0.00... 1490°CTS, haw 100°00 


Below 4° the salt crystallizes from its solution in long four-sided 
needles containing water, which effloresce in the air without losing their 
form. (Léwig, Mag. Pharm. 88, 6.)—One part of the anhydrous salt dis- 
solves at 15° in 27 parts of water. (Rammelsberg.) 


SoDIUM AND CHLORINE. 
A. CuLorIpE oF Sop1tum.—Common salt, Rock-salt, Sea-salt.—Found ~~ 
in salt beds and in some sandy deserts; in the decrepitating rock-salt of 
Wielizka, which evolves an inflammable gas when dissolved in water. 
(Dumas. Ann. Chim. Phys. 48, 316; also Schw. 59, 486; H. Rose, Pogg. 
48, 353; vid. IL., 48.) | 
Sodium burns at ordinary temperatures in chlorine gas, emitting 
bright red sparks and forming chloride of sodium. (H. Davy.) With 
hydrochloric acid gas, sodium and soda behave exactly like potassium 
and potash. - te 
The salt is obtained:—1. By mechanical extraction from salt-beds.— 
2. By dissolving impure rock-salt in fresh water, in the water of salt- 
springs or in sea-water, and then decanting and evaporating.—3. By boiling 
down the liquid from the salt-springs, after it has beene oncentrated either 


ore? ~_s ; 
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by exposure to the air in the Graduating Works (Gradirwerken) or, more 
rarely, by partial congelation of the water.—4. By the evaporation of sea- 
water either in the sun or by artificial] heat.—The impurities in common 
salt—consisting of sulphate of soda, with chloride of calcium and sulphate 
of lime, chloride of magnesium and sulphate of magnesia, which give it a 
sharper and more bitter taste,—may be separated by precipitation, first 
with chloride of barium, and then with carbonate of soda at a high tem- 
perature,—then filtering and neutralizing the excess of carbonate of soda 
with hydrochloric acid. Fuchs (Kastn. Arch. '7, 409) precipitates the 
magnesia from the solution of salt by milk of lime—then the sulphuric 
acid from the filtrate, by chloride of barium—then filters again—precipi- 
tates the lime and baryta by carbonate of ammonia—evaporates the clear 
liquid to dryness—and exposes the residue to a red heat. Wittstein 
(Kepert. 65, 361) proceeds in the same manner, excepting that he uses 
carbonate of soda instead of ammonia, which precipitates the lime less 
completely; he then filters and neutralizes the excess of soda by means 
of hydrochloric acid. The iodide or bromide of sodium possibly present, 
cannot, however, be separated by either of these methods, but only by 
repeated crystallization ; it then remains in the mother-liquid. 

Chloride of sodium crystallizes in cubes, octohedrons, and hollow 
Square pyramids. It is either transparent or translucent. Specific gra- 
vity = 2:03 (Unger) 2°078 (Karsten), 2:15 (Kopp). That which has 
been rapidly crystallized decrepitates in the fire. Common salt fuses at 
a red heat, and forms a crystalline mass on cooling. At a white heat it 
volatilizes. It is somewhat less volatile than chloride of potassium; 
but like that salt, it sublimes at a low-red heat in open, but not in covered 
crucibles. (H. Rose.) It has a pure saline taste. 


Calculation, Ure, Longchamp. 
Be Dai tacuidiss 4 BE aie Pilon des RL See a BS OO canst 39°767 
Dy See Oe 304) dh. GOP 45:54. 60°02) w2ixi. 60°233 
(0) ee SEO aia 100°00 _........ 100°00 ,.....:. 100°000 
Or: Calculation. _ Kirwan, Berthollet. Berzelius. Wieglieb. 
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i ee a 
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| Wenzel, Marcet. Dalton. Bérard, 
INGLIS yah chs O4r Peat TN Set a 57 
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Heated with potassium, it yields chloride of potassium and metallic sodium 
(H. Davy). Produces a small quantity of sulphide of sodium when mixed 
in a state of fusion with sulphur. (A. Vogel.) When heated to red- 
ness with silica, it yields silicate of soda and hydrochloric acid gas, the 
decomposition taking place rapidly, if vapour of water has access to the 
mixture. With oil of vitriol, it gives sulphate of soda and hydrochlorie 
acid gas. According to Berthollet, it also evolves a small quantity of 
hydrochloric acid gas by distillation with oxalic acid, but not with acetie 
acid. In solution, it is decomposed by excess of oxide of lead, the pro- 
ducts being soda and sub-chloride of lead, Pb‘Cl (Scheele); nitrate of 
ammonia likewise decomposes it by double affinity. (Karsten.) 
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Tetrahydrated Chloride of Sodium, or Terhydrated Hydrochlorate of 5 


Soda.—Crystallizes from a saturated solution of common salt, in water at 
— 10°. (Lowitz, Crell. Ann. 1793, 1, 814; Fuchs, Kastn. Arch. 7, 407.) 
The crystals begin to form at — 5°. (Nélle, Ann. Pharm. 2, 93.)—Large 
transparent prisms, of the same form and with the same angles as the hy- 
drated iodide of sodium (II., 105). (Mitscherlich, Pogg. 17, 385.) According 
to Hankel (Pogg. 53, 623), the m-surface is present whilst the 7-surface is 
wanting; and a:m= 111°; h: m= 122°; 2: a= 116}. The crystals 
effloresce in the air below 0°; the efflorescence begins just above — 10° 
(Mitscherlich); above 0°, they deliquesce and leave a powder consisting of 
small cubes. (Fuchs.) They become opaque with the slightest touch of 
the hand, and then retain their external form even above 0°, whilst inter- 
nally they are converted into very small cubes. (Manx, Schw. 49, 161.) 


Calculation. Mitscherlich. Fuchs, —Lowitz. 
Ge NEI UN ceciog SB OtG ee ud Sus fetasoste BOBO) cles 5AS2 ul etn 52 
REED Ce gnc coves OO ota AIO la ebeeaan AQeUAy tine. AD5/S.. paca 48 
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It is difficult to free the crystals fromthe whole of the mother-liquid. 
(Mitscherlich.) 


If a dilute solution of common salt is allowed to evaporate at 15° on a 
glass plate, large six-sided tables of the hydrated salt may be observed 
by the microscope to crystallize out first; and in these, as the whole 
becomes drier, small cubes are formed, which increase and gradually 
absorb all the substance of the tabular crystals; sometimes this trans- 
formation takes place quite suddenly. (Ehrenberg, Pogg. 46, 240; Fran- 
kenheim, Pogg. 37, 638.) 


Solution of Chlorideof Sodiwm.—One part of pure common salt 
requires, at all temperatures between 0° and 100°, 2°7 parts of water for 
solution (18 At.) (Fuchs). If the salt is adulterated with chloride of 
calcium or chloride of magnesium, part of it separates on cooling a 
solution saturated at a boiling heat: even a solution of these chlorides 
saturated in the cold precipitates a portion of the salt from a solution 
of pure chloride of sodium likewise saturated in the cold. (Fuchs.) 


One part of pure salt dissolves at 14° in 2°78; at 60° in 27; and — 


109°7° in 2°48 parts of water. (Gay-Lussac.) Common salt dissolves in 
2°59 parts of cold, and in 2°77 parts of hot water. (Bergman.) Perfectly 


pure salt dissolves in 2°77 parts of water at 1°, and in 2°56 parts of boil- 


ing water; at all events, the deposition of salt from the latter solution 
takes place only when the liquid is cooled in open vessels—in covered 
vessels no salt is deposited: the presence of other salts increases its solu- 
bility considerably. (Unger, J. pr. Chem. 8, 285.) One part of common 
salt dissolves at 25° in 2°8 parts of water. (Kopp.) One part dissolves 


in 2°738 parts of water at 18°75°, forming a liquid of specific gravity 


1:2046. (Karsten.) The specific gravity of a solution saturated at 8° is 
1:205. (Anthon.) At avery low temperature, tasteless ice freezes out of 


the solution. (Xavier, Crell. Chem. J. 1, 212.) Concentrated hydrochlo- — 


ric acid precipitates salt from a saturated solution, Common salt is 
slightly dissolved by dilute alcohol, but is scarcely soluble in absolute 


alcohol. . RB. Wagner (J. fiir pract. Chem. 40, 448) gives the following ~ 


table of the solubility of common salt in alcohol of different strengths: _ 


\ 
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/ 
‘Per cent. of absol. Al. Temperature. Per cent. of salt dissolved. 
a Oats Stee, RAO acy ibtael 0°661 
juseiad Canepa Pet ea te ge 2 0:700 
Stasi th paibie & Seen. a ee 0°736 
bh a ahead Tie eee ee 1:033 
Saye te NoMa 10°:0 A olel cp 0°174 
Iss HES Ree t2. Se tie 0171 § 


B. Hypocutorirz or Sopa.—Hitherto obtained only in the state of 
mixture with chloride of sodium in the so-called Chloride of Soda. 
Chlorine is passed through a solution of soda or carbonate of soda in the 
proportion of rather less than 1 At. chlorine to 1 At. soda; ¢. 9. 
through a solution of carbonate, till the liquid begins to effervesce 
strongly: a proof that more than one half of the soda is already com- 
bined with chlorine. Labarraque (J. Chim. Med. 2, 165) prepares the 
liquid called after his name, by passing chlorine (evolved from 576 parts 
of common salt, 448 parts of manganese, 576 parts of oil of vitriol, and 448 
parts of water, with the aid of heat) through a solution of 2500 parts of 
crystallized carbonate of soda in 10,000 parts of water. About half an 
atom of chlorine only is thus presented to one atom of the carbonate. 
Payen precipitates chloride of lime in solution with carbonate of soda, 
and decants the clear liquid from the carbonate of lime thereby produced. 

If the current of chlorine gas be stopped just before effervescence 
begins, a pale yellow liquid is obtained, smelling slightly of chlorine, and 
having a sharp, biting, saline, but scarcely alkaline taste,—first reddening, 
and then bleaching turmeric paper. It loses scarcely any of its bleaching 
power by boiling, but more than half if rapidly evaporated to dryness; 
less however by slow evaporation. If a given quantity of the liquid be 
mixed with dilute sulphuric acid, and atmospheric air passed through it 
as long as chlorineescapes (the chlorine being evolved from the hypochlo- 
rous acid and the equivalent quantity of chloride of sodium: 280% + 
NaCl + NaO, ClO = 2(Na0,S0?) + 2Cl), the residue gives, with a solu- 
tion of silver, a precipitate, the quantity of which may be assumed 
= I part. [This arises from the small: quantity of chloride of sodium, 
which was formed together with some chlorate of soda.]| The same 
measure of the liquid mixed with solution of silver immediately after 
adding the dilute sulphuric acid, gives 60 such parts of chloride of sil- 
ver. [In this case, the silver is precipitated by the chlorine set free from 
the chloride of sodium and the hypochlorite of soda.] A third such quan- 
tity boiled by itself for two hours evolves chlorine, loses a little of its 
bleaching power, and yields with a solution of silver—after being treated 
with dilute sulphuric acid, and a current of air passed through—8 parts 
of chloride of silver. [Thus by the boiling, the quantity of chlorate of 
soda and the corresponding amount of chloride of sodium is increased 
threefold.] A similar quantity of the liquid left for 12 days by itself, and 
then treated as above with dilute acid and a current of air, gives 6 parts 
of chloride of silver. An equal quantity spontaneously evaporated in the 
air, leaves crystals consisting almost entirely of carbonate of soda, and 
not capable of bleaching, even on the addition of sulphuric acid. The resi- 
due treated with sulphuric acid and the current of air as before, gives but 
1°5 parts of chloride of silver; showing that but little chlorate of soda is 
produced, and that the greater part of the chlorine escapes during the 
evaporation. After rapid evaporation, on the contrary, the liquid still 
retains $$ of its former bleaching power. Carbonic acid gas passed 
through the liquid carries off but little chlorine, and but slightly affects — 
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its bleaching property; atmospheric air produces still less effect. (Faraday, q 
N. Quart. J. 2, 84.) A liquid of this kind boiled down till it becomes 


covered with a film of salt, yields—besides a mother-liquor containing car- 
bonate of soda—needle-shaped crystals which decolorize solution of indigo. 
(R. Phillips, Phil. Mag. Ann. 1, 876; also Kastn. Arch. 11, 211.) When 
an aqueous solution of carbonate of soda is supersaturated with chlorine 
gas, a yellow liquid is obtained which bleaches powerfully. If this is 
evaporated by exposure to the air in a thin stratum, the residue turns 
turmeric paper brown before it bleaches it,—a proof that, notwithstanding 


the excess of chlorine, part of the carbonate has remained undecomposed. 


On boiling, the liquid evolves chlorine,—becomes colourless—and when 
evaporated leaves chloride of sodium, chlorate of soda, and a small quan- 


tity of carbonate. (Faraday.) 


If the chlorine, evolved from 10 parts of common salt, 8 parts of per- 
oxide of manganese, and 14 parts of oil of vitriol, is passed into 19 parts 
of dry powdered carbonate of soda moistened with one part of water only, 
the bleaching compound is obtained in the solid form, mixed with bicarbo- 
nate of soda. (Ph. Mayer & Schindler, Repert. 31, 1.) 


4 C. Cutorite oF Sopa.—Obtained in the same manner as the 
potash-salt, Deliquescent, but resists the action of heat better than chlo- 
rite of potash. In the solid state, it does not decompose below a0". 
When raised to that temperature, it first melts, and then turns yellow at 
the moment of decomposition. (Millon.) 9 


D. Cutorate or Sopa.—1l. An aqueous solution of caustic soda or 
carbonate of soda is saturated with chlorine gas, the liquid boiled, and the 
chlorate of soda separated from the chloride of sodium by crystallization. 
(Chenevix, Vauquelin.) This separation is more difficult than in the 
case of potash, because chlorate of soda and chloride of sodium do not 
differ much in solubility; but by repeated crystallization from alcohol, 
in which the former dissolves in larger quantity, the separation may be 
effected to a certain extent. (Chenevix.)—2. Chloric acid is saturated 
with soda. (Berzelius.)—8. Nine parts of chlorate of potash are boiled 
with 7 parts of fluoride of silicium and sodium and with water,— 
then filtered and evaporated to the crystallizing point. (Berzelius.)— 
4, Bitartrate of soda dissolved in boiling water is decomposed with 


chlorate of potash—the liquid, when cold, filtered from the crystallized — 


bitartrate of potash,—the latter washed with cold water—the whole then 
evaporated—and the crystals obtained, freed from adhering cream of tartar 


by repeated crystallization. (Hopfer de ’Orme, Mag. Pharm. 33, 87.4 


91 drachms of crystallized carbonate of soda and 11 dr. 4 gr. of tartaric 
acid are dissolved in 8 ounces of boiling water; to this is added 1 oz. 16 gr. 
of chlorate of potash; and the whole digested some time, and left to 


cool. (Hopfer.) 9 parts of crystallized carbonate of soda and 93 parts of — 


tartaric acid are dissolved in 48 parts of hot water, and 8 parts of chlo- 
rate of potash added; by this means, 7} parts of chlorate of soda are 
obtained. (Wittstein, Repert. 63, 216.) ! 


Regular tetrahedrons, in which likewise the other four octohedral. ~ 
faces appear, together with the faces of the cube and rhomboidal dode- — 


cahedron; isomorphous with bromate of soda. (Mitscherlich, Pogg. 17, 
388.) It tastes fresh and slightly pungent. (Vauquelin.) 


The salt melts in the fire, and (nearly at the same temperature as the - 
potash-salt; Wéichter) eyolyes oxygen and chlorine gases; the residue is 
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decidedly alkaline. On ignited charcoal it detonates rapidly, fusing and 
emitting a yellowish light. (Vauquelin.) When heated with nitric acid 
it is decomposed in the same manner as chlorate of potash (II., 61) 
—into nitrate of soda, perchlorate of soda, and oxygen and chlorine 
gases. (Penny.) It becomes somewhat moist in the air; requires 3 parts 
of cold water for solution, and nearly the same quantity of hot water. 
(Chenevix.) At 16°, it is soluble in 34 parts of alcohol of 83 per cent., 
and in a smaller quantity of hot alcohol. 


Crystallized. 
1, E10 gi aan e, Se ee 26°76 
0 oe os Sn 73°24 
Pea CIO a coscns VIO°6. tac 100-00 


E. PERcHLORATE oF Sopa.—l. Formed by saturating soda with per- 
ehloric acid. (Serullas.)—2. By decomposing chlorate of soda with hot nitric 
acid. (Penny.) ‘Transparent plates. (Serullas.) Rhomboids. (Penny.) 
Easily decomposed by heat, but not by hydrochloricacid. (Penny.) Deli- 
quescent. (Serullas, Penny, Ann, Pharm. 37, 203; also J. pr. Chem. 23, 
296.) Soluble also in strong alcohol. (Serullas, Ann. Chim. Phys. 46,297.) 


F. SunpHate or CaLoripe or Sop1um.—Prepared like the sulphate 
of chloride of potassium (JII., 68). (H. Rose.) 


SopIUM AND FLUORINE. 


A. Fivor1s oF Soprum.—1. Hydrofluoric acid is saturated with soda, 
and the solution evaporated to the crystallizing point.—2. 100 parts of fluo- 
ride of silicium and sodium are mixed with 112 parts of dry carbonate of 
soda, and reduced to a thin paste with a small quantity of water. The 
mixture is then boiled as long as it swells up; and the hard lumpy mass 
thus obtained is reduced to powder, and again boiled with water till all 
frothing ceases ; the insoluble portion is treated repeatedly with boiling 
water as long as fluoride of sodium is dissolved out. By this treatment 
the silica is prevented from assuming the gelatinous form. The fluoride 
_ of sodium, on account of its sparing solubility, could not well be extracted 
from gelatinous silica, a part of which would also dissolve in the water 
and render the salt impure. The solution is evaporated till it becomes 
opalescent from the separation of the silica previously dissolved; it is 
then poured off from the crystals of fluoride of sodium already formed— 
evaporated by itself—and the residue heated to redness to render the 
silica insoluble. Gaseous fluoride of silicium escapes during the ignition, 
if the mother-liquor contains any undecomposed fluoride of silicium and 
sodium, and may be more effectually got rid of by igniting the residue 
with carbonate of ammonia in a covered crucible. After this, the mass 
ae dissolved, filtered, and crystallized. All these processes must be 
carried on in metallic vessels, because glass vessels would be attacked. 
(Berzelius.) 

The salt crystallizes in cubes and octohedrons, which are sometimes 
clear, sometimes opalescent, and often have a pearly lustre; it decrepi- 
tates in the fire, and begins to fuse at a temperature just above the 
melting-point of glass; its taste is less sharp than that of fluoride of 
potassium. When mixed with silica, it fuses, without decomposition, 
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below its own melting-point ; on dissolving it in water, the silica remains — 


behind. It is dissolved very slowly by cold water (according to H. Rose, 


with slight reduction of temperature); 23 parts of water at 16° slowly — 


dissolve one part at most of fluoride of sodium, and no more even with 


the aid of heat. The solution, when evaporated, again yields crystals of | 


the fluoride, the crystallization being frequently attended with the appear- 


ance of light. Alcohol takes up very little of the salt. (Berzelius, Pogg. — 


1,13; Vid. also Gay-Lussac & Thénard, Recherch. 2, 21.) 


Calculation, according to Berzelius. 


“Na. cacao re ac ae 55°37 
Re tS hen UY Bei ee 44°63 
Na Pee ete AYO > ee es 100°00 


_ 8B. PFivorme or Hyprogen anp Soprum.—Fluoride of sodium. 1B 
supersaturated with hydrofluoric acid, and left to evaporate spontaneously 


in the air. Small colourless, rhombohedral crystals, haying a sharp, 
purely acid taste. They contain no water. They turn white in the 
fire, without losing their form, and evolve anhydrous hydrofluoric acid, 
leaving behind 68°1 per cént. of fluoride of sodium; heated to redness 
with 6 times their weight of oxide of lead, they give off 14:4 per cent. of 
water. Rather insoluble in cold, more readily soluble in hot water (as 


bi-hydrofluate of soda); separates again as it cools. (Berzelius, Pogg. — 


1,13). | ie 
3 Crystallized. Berzelius. 
Kid WE ed duativac css tverbaots ATO. ae 68°02: <..nc.. (BoM 
TLD eeyitet antes yaen vets 1997 ieee | S198. .....t.. 31°9 
Na¥ HP) aad 61:6" 'H.:.5. 100°00 Si.000. 100°0: 


C. FivoporipE or Soptum:—Fluoride of sodium is made to unite with 


hydrofluate of boracic acid. The salt crystallizes from an aqueous 7 


solution, slowly cooled, in transparent, rectangular, four-sided prisms, 
often shortened and approaching the cubical form. They contain no 


water; fuse below a red heat; have a bitter, somewhat acid taste; and — 


redden litmus strongly. The compound is changed, by prolonged exposure 
to heat, into gaseous fluoride of boron which escapes, and fluoride of 


sodium which remains. It is more soluble in water than the fluoride of 4 


hydrogen and sodium, but only slightly soluble in alcohol. (Berzelius.) 


Sopium AND N ITROGEN, 


A. AMIDE oF Sopium.—Olive-coloured Sodiwm-compound. When a 
quantity of sodium which evolves from water 100 measures of hydrogen — 
gas, is heated in ammoniacal gas, it absorbs tranquilly between 142 and 
163 measures, setting 100 measures of hydrogen free, and assuming first 


_ a blue and afterwards a green colour. The compound is of an olive-green 


colour, fuses readily, and exhibits the same relations as the corresponding — 
potassium compound. (Gay-Lussac & Thénard, Recherch. 1, 354; vid. 


also Sir H. Davy, Phil. Transact. 1810, 24.) 


B. Nirrire or Sopa.—l. Prepared by heating nitrate of soda toa - 


particular temperature, then dissolving in water, and crystallizing: nitrate * 
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of soda appears first; afterwards the nitrite. (Deiman, Hess.) In the 
mother-liquor, Deiman (Scher. J..7, 276) thought he had found a compound 
of soda and nitric oxide. Hess also regarded the crystals which he ob- 
tained, not as nitrite of soda, butas soda combined with nitric oxide. (See 
‘however, what has been said II. 382, and III. 68.)—2. Solution of soda is 
saturated with the vapour of hyponitric acid evolved by heating fuming 
nitric acid. Nitrate of soda is also formed at the same time. (Fritzsche.) 
Permanent rhombohedrons. Dissolved readily by water, but not by 
alcohol. | 5% 

Crystallized. Hess. 


NaOs can BUS etek 85°08 ics 44-4 
BE Oeste SOTO wedge 54-91 
NaO, NO 69-2 ......., 100-00 


Hess regards the crystals as composed of 1 atom of soda, 1 atom of 
nitric oxide, and 1 atom of water, but observes himself that no water is 
expelled on fusing them. 


C. Nirrate or Sopa.—Rhomboidal Saltpetre, Cubic Nitre, Chili Salt- 
petre. Found native in beds several feet in thickness, in the district of 
Tampa on the borders of Chili and Peru. (Rivero, Schw. 34,450.) Chili 
saltpetre contains 96°698 per cent, of nitrate of soda, 1-302 per cent: of 
common salt, 2:0 per cent. of water, with traces of sulphuric acid and 
lime. (Lecanu, J. Pharm. 18, 102.) It contains 99°633 per cent. of 
nitrate of soda, 0°367 per cent.-of common salt, with a trace of lime. 
(Wittstein, Hepert. 64,292.) | Hofsteller (Ann. Pharm. 45, 340) gives 
_ the following analysis: nitrate of soda 94-291, chloride of calcium 1-990, 
_water 1:993, sulphate of potash 0°239, nitrate of potash 0°426, nitrate of 
magnesia 0°858, insoluble residue 0-203. §] Prepared by saturating car- 
bonate of soda, or distilling common salt, with nitric acid; also by preci- 
pitating nitrate of lime with sulphate of soda, and crystallizing. Belongs 
to the rhombohedral system, its form being an obtuse rhomb (Fig. 141); 
r: 7 backwards = 106° 30'; 7: r downwards = 73° 30!; (Brooke, Ann. 
Phal. 21,452). Sp, gr. = 2°188 (Marx), = 2:20 (Kopp), = 2:2256 (Kar- 
sten). It fuses when heated, and on cooling solidifies in a white mass. 


Crystallized. Longchamp. Wenzel. Richter, Kirwan. . Dalton. 


NaO ........ ie at2 AGG). 36:75) B93 87-9, AB:3d = 494 
i olde i 54:0 63:4 63°25 «62:5 G21, 57-55 576 


NaO, NO'.... 852 100°0 100°00 100°0 100°0 99°89  100°0 


When it is heated, pure oxygen gas is evolved at first, and nitrite of 
soda formed; but afterwards, the oxygen becomes mixed with nitro- 
gen and fumes of hyponitric acid. It detonates less violently with 
charcoal and other combustible bodies than nitrate of potash. “A mix- 
ture of 5 parts of nitrate of soda, 1 part of sulphur, and 1 part of - 
charcoal explodes slowly, with a reddish-yellow flame. (Proust, V. Gehl. 
1, 352.) A detonating powder (III. 70) made with nitrate and carbonate 
of soda and sulphur, explodes very feebly. (M. Meyer.) When dissolved 
in water, it is decomposed by sal-ammoniac, by double affinity (Karsten); 
also by chloride of potassium (Longchamp), and by sulphate of potash 
(Morveau). Becomes moist only in moist air and deliquesces perfectly, 
according to Brandes, in an atmosphere saturated with vapour of water. 

_ Water dissolves it with great reduction of temperature. One part of the 


a 
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salt dissolves at —6°, in 1°58; at 0°, in 1:25; and at 119°, in 0°46 parts of 


water (Marx); it dissolves at 2°, in 2°89; at 28°, in 1°12; and at 47°, inO"77 


parts of water (Osann); at 18°75°, in 1°136 parts of water (Karsten); at 
18:5°, in 1°14 parts (Kopp). Sp. gr. of a saturated solution at 18°75° = 
1:3769. (Karsten.) (From Richter’s tables of specific gravity and per 
centage: Stoichiometric, 3, 164.) ? 3 


~-—. Surpnrre or Nirric Oxrpe anp Sopa.—Similar in’ properties to 
the potash-salt, but still more soluble in water. (Pelouze.) 


E. PHospHate or Sopa anp Ammonta.—Phosphorie salt, Mocrocosmac 
salt, Sal microcosmicum, Sal urine nativum seu fusibrle. Found in human 
urine,—1. Five parts of crystallized diphosphate of soda (ILI. D, &. y) 
and 2 parts of crystallized diphosphate of ammonia are dissolved in hot 
water, and then cooled. The mother-liquor, on further evaporation and 
cooling, yields more crystals; but after each evaporation, the ammonia 
yolatilized must be replaced.—2. From 6 to 7 parts of common diphosphate 
of soda are dissolved in hot water with 1 part of sal-ammoniac, and the 
solution filtered and left to cool. (Berzelius.) The salt obtained by this 
method is contaminated with chloride of sodium. (Wittstein.) If the 


ordinary phosphate of soda contains pyrophosphate mixed with it, the, 


former alone yields erystals of the phosphate of soda and ammonia when 
mixed with ‘the sal-ammoniac; the latter crystallizes out by itself. 
(Winckler, Repert. 36, 100.) 

Large transparent and colourless prisms, belonging to the oblique 
prismatic system (Fig. 101, 102, and other forms), @°¢ = 150° 2; 
4: @ (the face under c) = 123° Oe 4 se O97 174s) Bey ake 
wards) = 144° 34’; ¢:6 (forwards) = 58° QU: dtm 146° 49'S 2.0 
= 138° 52: 4:u or wl = 98° 4; 0: a = 187° 165 ai w= 185° 48); 
wu ul = 38° 44'; ws t= 109° 22’, &c. (Mitscherlich.) The crystals 
have a saline, fresh, and somewhat ammoniacal taste. (Proust.) When 
exposed to the air, they effloresce on the surface and give off ammonia ; 
they melt very easily. The salt, when carefully heated, loses 8 atoms of 
water, with all the ammonia, leaving NaO, 2HO, cPO®. (Graham.) Ata 
stronger heat it gives off all its water and is converted into simple meta- 
phosphate of soda, NaO, aPO®, having the form of a transparent glass, and 
amounting, according to Mitscherlich, to 48°71 per cent. In this state, it 
is used in blow-pipe experiments as a flux for a variety of substances. It 
ett readily in water; the solution, however, loses ammonia when 

eated. 


& et Crystallized. Mitscherlich. - _ Riffault. 
NEB oes ieee besoin ack GiK aii 170 nS SSla he ee ee 9°000 » 
OLR. ONE oR et A RE een 31:2 14°89 ; 14°875 
Bai baited ice hap, As..chce seri: 71-4 3406p 48°71 wuss | 34-491 
TORO! 6 Sede Avinini smb dans 90:0 A0-G4 chun 2 41°634 

Psion SN ak rains a ei AND AUR eISSN 
NH‘0, NaO, HO, cPO*+8Aq. 209°6 ‘gc 00°00. 5 Sanka Cee 100-000 


ms F. PrropHospHaTE or Sopa anp Ammonta.—A solution of acid 


pyrophosphate of soda is saturated with ammonia, and the liquid evaporated 
over a mixture of burnt lime and sal-ammoniac. The double salt crys- 
tallizes in prisms which appear to belong to the oblique prismatic system. 
White; readily soluble in water; the solution evolves ammonia when 
boiled, and afterwards contains acid pyrophosphate of soda. 


wi 


* 
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Crystallized. Schwarzenberg. 
BREET sisosivrssids sn oRRMRARETS ox0.053 Pe So, OTD ati. 10°18 
BAL Ye. su ccksjannrsto star OMbeeed ss igatie AC aaa a Hy Es aie a ae 17°70 
Tia a ANIMES Paneer: 115 7 ESR Sal ANE ARREARS Wh SPR Rett etl 40°55 
OP oie cbsgeuess Ss ABE co es OAR ee SUES Pas, 31°57 
NH‘O, NaO, DPO® + 5Aq. 173°6 .... 100700 a... .  100°00 


(Schwarzenberg, Ann. Chim. Pharm. 65, 2.) T 


G. SuLpHATE oF Sopa anpD AmMmoniA.—Crystallizes in short prisms; 
tastes saline and rather bitter. Permanent in the air. Decrepitates 
when heated, and then swells up, evolving ammonia and acid sulphate 
of ammonia, and leaving sulphate of soda. (Link, Crell. Ann. 1796, 1, 
30; Seguin, Ann. Chim. 91, 219; Riffault, Ann. Chim. Phys. 20, 432; 
also Schw. 36, 423.) | 


Crystallized. Riffault. 
RES d 2s se rich own ceppenrs.«s LAG i meade Oke pv shits 9°678 
OS SES eer ee OLS ceanccd ADO Bic tell aticars 18-550 
MP FGF pas <P evheae oases «> BOG in SOLD nryeess 45°740 
1 AE ea ne CV URE aie Tike Mare ors 26°032 
NH‘40, NaO, 280? + 4Aq. 173°2. .... 100700 ws, 100°000 


SopIUM AND PorTASsIUM. 


A. Attoy oF Soprum anp Porasstum.—These two metals unite 
readily. One part of sodium forms, with from + to 10 parts of potassium, 
a compound which remains fluid at 0°; when too much sodium is used, the 
alloy becomes brittle and crystalline. An alloy of 1 part of sodium and 
10 parts of potassium floats on rock-oil. (According to Bottger, however, 
J. pr. Chem. 1, 308, it does not.) ‘In all these alloys, the potassium be- 
comes oxidized first. (Gay-Lussac & Thénard.) 


B. CarBoNATE OF Sopa AND PorasH.—A mixture of 1 atom of 
carbonate of potash and 1 atom of carbonate of soda, fuses much sooner 
than either of these salts alone. (Mitscherlich, Pogg. 14, 189.) 

“| According to Marguerite (J. de Pharm. & Chim. 7, 844, Ann. 
Pharm. 56, 220), a double carbonate of potash and soda is obtained by the 
repeated concentration and crystallization of the mother-liquor of ferro- 
cyanide of potassium; or more directly by dissolving carbonate of soda with 
excess of carbonate of potash and concentrating. The salt forms slender, 
very soluble crystals which melt in their own water of crystallization at 40°, 
and effloresce in vacuo; in the air they undergo scarcely any alteration. 
By recrystallization the salt is decomposed. It readily crystallizes, how- 
ever, without alteration from a saturated solution of carbonate of potash. 


The formula of the salt is 2(/(NaO, CO*) + KO, CO? + 18 Aq. § 


C. PHosPHATE oF Sopa anDd Potasu.—Ordinary monophosphate of 
potash is neutralized with carbonate of soda and left to crystallize. The 
compound salt crystallizes out perfectly in combination with water. 
Crystalline system, the oblique prismatic (Fig. 107, 108, and other 
Ree be UG Oh toe Or = 940 hes as ge 122° Boe 
backwards = 116° 27"; ww = 78° 40's wt = 129° 205 232 = 117" 
14’; wu : m = 140° 40' and so on. (Mitscherlich ) 
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Crystallized. Mitscherlich. 


IO A oskshesd sessile Wieated - AT2 .. 15°59 
RAO cee adie ees S12: LOO aan 49°6 
FEU oes Sas] sotto Us itafoc 71.4 .... 23°58 
NA Osetra 153°0: ..,, 50053 Gena 50°4 
KO,Na0,HO,cPO® + 16Aq. 302°... 10000 sasssen 100°0 


¢@ D. PyropwospHaTE oF Sopa anp Poraso.—When a solution of 
the acid pyrophosphate of soda is saturated with carbonate of potash and 
the liquid concentrated to a thin syrup, the whole solidifies on cooling to 
a mass of fine acicular crystals which appear to belong to the oblique 
prismatic system. The salt is white and transparent; the solution has an 
alkaline reaction. 


Calculation. 
A ©) allacate ae erence eta 7 on eS LBRO" Pec aaege 18°18 
Na 16) ics 0ctdpeh eee eae cote acess Bie ty, chant O° LOS See 12°08 
OPO®, © xed aes Tih eh POF GO hats aes 27°64 
12 ETO) uc. cease mer ontors iuesias 10850 ois ard Od ieee 42°10 
KO, NaO, dPO® + 12Aq..... 257°8 ... 100700 wae 100°00 


(A. Schwarzenberg, Ann. Ohim. & Pharm. 65, 2.) J 


E. SunpHatE oF Sopa AND Porasu.—A mixture of the sulphates 
of potash and soda in equal numbers of atoms fuses much more readily 
than sulphate of potash alone. The mass is glassy when cold and while 
cooling cracks in many places, without however emitting light; at the 
same time it becomes brittle but not crystalline. When it is dissolved in 
hot water and boiled, no sulphate of soda separates from it; but as it cools, 
light is emitted, and anhydrous crystals are produced, having the form of 
sulphate of potash, and containing from 14 to 2 atoms of sulphate of 
potash with 1 atom of sulphate of soda. Sometimes a salt rich in soda 
is formed under the same circumstances; in that case, no emission of light 
is observed. . 


Also by. melting. together sulphate of potash and common salt, 
a mass is obtained, which, from a hot solution, deposits the same 
crystals free from chlorine, and with emission of light. 2 atoms of sulphate 


of soda and 3 atoms of sulphate of potash fuse with difficulty to a mass 


which becomes very much broken up as it cools, and emits very little 
light on crystallizing from a solution in hot water. (H. Rose, Pogg. 52, 
452; vid. also I., 207.) 

When 1 atom of seleniate of potash is melted with 1 atom of sulphate of 
soda, and the mass dissolved in hot water, crystals similar to those of 
sulphate of potash are formed, with vivid emission of light, as the liquid 
cools; they decrepitate when heated, and contain 41°38 per cent. of potash, 
9:51 of soda, 4°84 of selenic acid, and 44°68 of sulphuric acid. (H. Rose, 
Pogg. 52, 588.) 


FB. Nitrate oF Sopa anp Potasu ?—A solution of 1 part of nitrate 
of potash and 1 part of nitrate of soda in 3 parts of boiling water, yields 
as the liquid cools, long, silky needles, united together in stellated groups. 
(Loose, Pharm. Centralblatt, 1837, 505.) 3 
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SopIuM AND SopIvum. 


A. & B, The compounds obtained by fusing one atom of common 
salt with 1 atom of carbonate, or with 1 atom of sulphate of soda, ex- 
hibit properties similar to those of the corresponding potash-compounds. 
(III, 71, B. & C.) (Dobereiner.) 


C. Compounp or CuLorIDE or Sopium witH IopaTEe or Sopa.— 
1. When iodate of soda is prepared from chloride of iodine and carbonate 
of soda (III., 107), the liquid, on evaporation, first deposits pure iodate 
of soda; afterwards, at a higher temperature and greater degree of con- 
centration, the iodate of soda crystallizes out combined with common 
salt.—2. When a tolerably large quantity of solution of caustic soda is 
added to an aqueous solution of iodate of soda, and chlorine gas passed 
through the liquid till no more diperiodate of soda falls down, chloride 
of sodium crystallizes from the decanted liquid, first.combined with iodate 
of soda, then by itself, and afterwards mixed with chlorate of soda. 

Transparent four-sided prisms, permanent in the air, often having a 
tabular form in consequence of the greater size of the two lateral faces. 
—The crystals when heated become opaque, lose their water, and fuse to 
a clear liquid, which evolves nothing but oxygen gas, and, after exposure 
to a very powerful heat, leaves a mixture of chloride and iodide of 
sodium. In cold water—which withdraws the common salt—the crystals 
are converted into an opaque mass of needles united in tufts, and consisting 
of iodate of soda with 2 atoms of water. (Rammelsberg, Pogg. 44, 548.) 


Crystallized. Rammelsberg. 
BN PRs iyithscsatslémdsnssideieeies ON he A BN eae g Say fo Gamer) eRe 27°15 
MRR eet i Pars Wodhsadtei cascdcas 197°2 40°68) ies. 47°50 
PM SH estates. ts aldlashilovdevks 108-0 SPDR SS chet 25°05 
2NaCl + NaO,IO® + 12Aq..... 422°4 .... 100°00 eee sees 99°70 


OTHER CoMPpouNDS OF Sopium. 


With many of the metals—namely, with arsenic, antimony, tellurium, 
bismuth, zinc, tin, lead, copper and mercury. 
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LITHIUM. 


Arfvedson. Schw. 22, 93 : also, Ann. Chim. Phys. 10, 82; further, Schw. 
34, 214. ‘ 

Vauquelin. Ann. Chim. Phys. 7, 284; also Schw, 21, 397. 

C.G. Gmelin. Gilb. 62, 399; 64, 371, and Schw. 30, 173. 

Kralovanszky. Schw. 54, 230 and 346. 

R. Hermann. Pogg. 15, 480. 


History. The oxide of Lithium was discovered in 1817, by Arfved- 
son, in the laboratory of Berzelius. 

Sources. As oxide, in the inorganic kingdom only (hence its name); 
principally in petalite (5 per cent.), lithiaspodumene (8 per cent.), am- 
blygonite (11 per cent.), triphyline (3°4 per cent.), lepidolite (3°6 per 
cent.), lithia mica, apyrite and the tourmaline of Utén. Also in 
very small quantity in the mineral waters of Karlsbad, Franzbad, and 
Marienbad (Berzelius, Schw. 44, 127; Pogg. 4, 248); in the water of 
Pyrmont (Brandes, Schw. 45, 369); in the mineral water of Hofgeismar 
(Wurzer, Schw. 46, 121); in the salt spring of Kissingen (Fuchs & Fic- 
kentscher, J. pr. Chem. 5, 321); in the goitre-water of Hall in Austria 
(Holger, Zeitschr. Phys: Math. 9,75); in the mineral waters of Ménchs- 
ofen (Buchner. Repert. 28, 221); of Bilin (Reuss); of Klausen in 
Steiermark (Holger); of Hohenstein (Reichel); of Kreuznach (Lowig); 
of Lavey near Bex (Baup); and of Slintsch in Hungary (Wagner). 

According to Brandes (Scher. Ann. 8, 120) a white combustible metal 
is obtained from lithia, when placed in the circuit of a voltaic battery.— 
Kralovanszky was unable to reduce the metal from the oxide by means of 
iron, charcoal, or potassium. | 
Atomic weight of Lithium (H = 1) = 6:4264 (Berzelius, Pogg. 17, 
379); = 6°084. (R. Hermann, Pogg. 15, 480.) 


Compounds of Lithvum. 
LITHIUM AND OXYGEN. 


A. Lirara. LO. 


Oxide of Lithium. Not yet known in the free state. 


Calculation, according to Berzelius. 
6° 


PIED Sie sri iic vid rh Stevie 14°4 > sis 100°00 
LO = 80°33 + 100 = 180,33. Berzelius.) 
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Combinations.—a. With water. a. Hyprate or LitTata, 

Preparation.—1. Petalite in powder is heated to redness with 4 parts 
of carbonate (or nitrate) of baryta; the mass is then dissolved in dilute 
hydrochloric acid; evaporated to dryness; again treated with water acidu- 
lated with hydrochloric acid; the liquid separated from the silica by fil- 
tration; the baryta precipitated by excess of sulphuric acid, and the alu- 
mina by carbonate of ammonia. The solution is then evaporated to dry- 
ness, and the ammonia expelled by ignition; whereupon, sulphate of lithia 
remains, together with a small quantity of sulphate of lime (and man- 
ganese). The residue is dissolved in water, and the sulphuric acid 
precipitated by means of acetate of baryta (if manganese be present, it 
must be first separated with sulphide of ammonium and the solution eva- 
porated to dryness, exposed to ared heat, and then re-dissolved in water). 
The liquid separated from the precipitate and containing the acetates of 
lithia, baryta, and lime, is evaporated; the residue heated to redness; and 
the ignited mass powdered, and exhausted with boiling water as long as 
any alkaline matter is dissolved out. The solution of carbonate of lithia 
thus obtained is evaporated (to a small bulk, whereupon the carbonate of 
lithia separates, leaving in the liquid any carbonate of potash or soda that 
may be present); the residue boiled with water and excess of hydrate of 
lime for several hours, and stirred; after which it is filtered, evaporated, 
and fused in a silver crucible. (Arfvedson.) [The additions put between 
brackets are made by C. G. Gmelin.] 

2. To save baryta, the elutriated powder of Spodwmene or Petalite 
is intimately mixed with twice its weight of quick-lime; the mixture 
strongly ignited for a considerable time in a Hessian crucible; the pro- 
duct dissolyed in hydrochloric acid; the solution mixed with sul- 
phuric acid, evaporated to dryness, and the excess of sulphuric acid 
expelled by exposure to a strong heat; and the dry residue powdered, 
exhausted with water, and strained through linen, on which most of the 
gypsum is retained: this must be repeatedly washed and_ pressed. 
Alumina is precipitated from the filtered liquid by carbonate of ammonia, 
or by digestion with carbonate of lime. The lime is afterwards removed 
from the filtrate either by throwing it down with oxalate of ammonia, 
filtering, evaporating, and heating to redness, after which sulphate of lithia 
is left behind (Berzelius, Lehrbuch); or by evaporating the filtrate to dry- 
ness; exposing the residue toa red heat; then exhausting with water, which 
leaves the greater part of the gypsum behind; precipitating with acetate 
of baryta; filtering, evaporating, and heating to redness; and lastly 
boiling the powdered mass with water, which dissolves the carbonate of 
lithia, and leaves behind the carbonates of baryta, lime, and magnesia 
(present in the lime used), The water takes up asmall quantity of the 
carbonate of magnesia; but: by saturating with sulphuric acid and crys- 
tallizing, pure sulphate of lithia is obtained, and this can be converted 
into pure lithia as in No. 9 (Arfvedson). Berthier (Ann. Chim. Phys. 59, 
189) mixes in a charcoal crucible one part of spodumene with 1:09 parts 
of carbonate of lime, and subjects the mixture to an intense heat till it 
fuses to a glass; and after reducing it to powder, exhausts it with sulphu- 
ric acid: this process yields 0:192 parts of sulphate of lithia. 

__ 3. An intimate mixture of one part of spodumene and 2 parts of 
litharge is reduced to perfect fusion at a strong red heat; then poured 
out; and the glass finely powdered, and dissolved in weak nitric acid, 
which separates the silica. The oxide of lead is then precipitated by 
sulphuric acid; the filtrate evaporated to dryness; the residue dissolyed 
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a 
in water; lime and magnesia separated by means of carbonate of am- — 
monia; the liquid filtered and evaporated ; and the dry mass heated in a 
porcelain crucible. The residue is sulphate of lithia. (Quesneville, J. 
Pharm. 16, 164; also V. Tr. 22, 1, 257.) 

4, A mixture of finely powdered spodwmene and charcoal is heated to 
redness in a porcelain tube, with a current of chlorine gas pussing over it. 
Decomposition ensues readily; and from the residue, when cold, water 
dissolves out chloride of lithium. (Setterberg, 38, 480.) 

5, A mixture of 1 part of Lepidolite and 2 parts of lime is heated for 
two hours at a strong red heat; the greyish white mass broken up and — 
reduced with water to a thin paste; dilute sulphuric acid added in 
small portions at a time, till the liquid becomes slightly acid; more 
water added; and the whole thrown upon a filter and washed. The 
filtrate thus freed from gypsum is then partly evaporated, and separated 
from lime, alumina, iron, and manganese by means of carbonate of soda. 
It is afterwards further evaporated, and carbonate of lithia precipitated 
from the boiling concentrated solution, by a solution of carbonate of soda 
in twice its weight of water (a further quantity of lithia may be separated | 
from-the mother-liquor by means of phosphate of soda): the precipitated 
carbonate of lithia dissolved in weak hydrochloric acid gives with car- 
bonate of ammonia, a precipitate of pure carbonate of lithia. The super- 
natant liquid yields with carbonate of ammonia, after further evaporation, 
a small quantity more; and if again evaporated and heated to low redness, 
it yields impure chloride of lithium, mixed with more or less carbonate of 
lithia. (Werner, J. Pr. Chem. 12, 55.) 

6. One part of lepidolite in powder is heated with 2 parts of slaked 
lime at a moderate red heat for two hours; and the powdered mass, after 3 
being made into a paste with water, is left ina warm place by itself for 
three months. By this treatment, nearly all the lithia and potash are set 
at liberty, and are found partly dissolved in the water, and partly retained — 
‘nthe hardened mass. ‘This mass is boiled with water after being‘reduced to 
powder; the filtrate saturated with carbonic acid gas, and evaporated to 
dryness; and the carbonate of potash dissolved out from the carbonate of 
lithia by means of water containing alcohol. The insoluble matter once 
more heated with lime and treated as above, sometimes yields an additional — 
quantity of lithia. (Fuchs, J. pr. Chem. 5, 320.) 7 

7. In operating on the large scale, 1 part of powdered lepidolite is 
heated in a reverberatory furnace with 2 parts of lime, slaked and reduced 
to powder by water, the heat being continued till the whole cakes 
together. The powdered mass is then mixed with half its weight of lime; 
reduced to a paste with water; boiled for a long time, the water being re- 
placed as it evaporates; decanted; the residue again boiled with water and _ 
ql; part of lime; then decanted and washed. ‘The two liquids containing 
lithia and potash, with a small quantity of lime, alumina, and heavy metallic 
oxides, are mixed, after filtration; then saturated with hydrochloric acid 
and evaporated; the lime and alumina precipitated by carbonate of 
ammonia; potash added to the filtrate as long as it causes turbidity ; the 
liquid filtered; the metallic oxides thrown down by sulphuretted hydro- 
gen; the solution again filtered and evaporated to dryness; the residue 
heated sufficiently to destroy organic matter; then dissolved in water, 
neutralized with hydrochloric acid; filtered; evaporated to dryness; and 
the chloride of lithium dissolved out by absolute alcohol, which leaves the 
chloride of potassium untouched. (Mitscherlich, Lehrbuch, 2, 85.) 

g, A mixture of 7 parts of powdered lepidolite and 2 parts of calcined 
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green vitriol is heated gently for some time, so that it may not fuse but 
merely cake together; the powdered mass is exhausted with water; the 
filtrate freed from alumina, iron, and manganese, by sulphide of ammo- 
nium; the filtered liquid evaporated to dryness; the sulphate of ammonia 
expelled at a moderate heat; the residue, consisting of the sulphates of 
potash and lithia, reduced to powder; and the latter salt separated by 
a moderate quantity of water mixed with alcohol. If this solution still 
contains sulphate of potash, the sulphate of lithia must be purified by 
crystallization. (Fuchs.) ( Vaile Oe. 

9. Powdered lepidolite is boiled for a long time with oil of vitriol; the 
mass exhausted with water, filtered, and evaporated ; the earths precipi- 
tated by carbonate of ammonia; and manganese by sulphide of ammonium, 
the excess of which is decomposed by boiling. The sulphuric acid is then 
precipitated by acetate of baryta; the liquid filtered and evaporated to 
dryness; the mass heated to redness, boiled with water, filtered, and 
again evaporated to dryness; the carbonate of potash taken up with a 
small quantity of cold water; and the undissolved carbonate of lithia 
treated as in the first method, or else saturated with sulphuric acid and 
baryta water added to the liquid as long as it produces a precipitate of 
sulphate of baryta, excess of baryta being carefully avoided. The filtrate 
is then distilled in a retort to separate the water, whereupon crystals 
appear, which are afterwards fused. (C. G. Gmelin.) In applying this 
method on the large scale, the lepidolite is boiled with the oil of vitriol in 
earthen pans, and stirred with earthenware rods till it is dry. The mass 
is then boiled with water in a clean copper vessel; the filtrate evaporated 
to dryness; the residue dissolved in water; the earths precipitated by 
carbonate of ammonia; the liquid evaporated again as before ; and the 
sulphate of ammonia driven off by heating in glass vessels. The vessels 
are then broken; the cake of salt dissolved in water; the sulphuric acid 
thrown down by acetate of lead; the lead separated from the filtrate by 
hydrosulphuric acid; the liquid again filtered, evaporated to dryness, and 
the residue dissolved in water; the rest of the sulphuric acid separated by 
acetate of lead, and the lead precipitated as before. The solution ig then 
filtered and evaporated ; the residue heated in a copper crucible ; the fused 
cake of carbonate of lithia and carbonate of potash dissolved in water ; the 
solution filtered from oxide of copper; and the filtrate so far evaporated 
in a copper pan, that carbonate of lithia crystallizes out on cooling: 
finally, the remaining mother-liquor is evaporated to dryness, and the 
carbonate of potash separated by cold water. (Joss, J. Pr. Chem., 1, 
139. 

i" Very finely powdered petalite, spodumene, apyrite, or lepidolite, 
is digested for some days with oil of vitriol; then evaporated to dryness; 
the remainder boiled repeatedly with water and filtered; and the alumina 
precipitated by carbonate of ammonia. The clear liquid after filtration 
is evaporated; and the residue heated to redness, and further proceeded 
with, as in the first method, with acetate of baryta, exposure to a red 
heat, &c. (Berzelius.) 

11. Zriphyline is dissolved in hydrochloric acid ; the protoxide of iron 
converted into sesquioxide by boiling with a little nitric acid; the phos- 
phate of iron precipitated by ammonia; the protoxide of manganese by 
sulphide of ammonium; the filtered liquid evaporated to dryness; and the 
ammoniacal salts expelled by heat. The residue consists of soluble chlo- 
ride of lithium. (Fuchs. J. pr. Chem. 5, 319.) The chloride may be con- 
verted into sulphate of lithia by heating it with sulphuric acid; and from 
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the sulphate, caustic lithia is obtained by treating it with baryta. Lithia 
prepared by this method often retains magnesia. __ | 
Properties. White, transparent; fuses at a temperature below red- — 
ness, and does not appear to volatilize at a white heat. (C. Gmelin.) — 
Has a crystalline fracture; and the same taste, causticity, and alkaline ~ 
effect on vegetable colours, as potash and soda. (Arfvedson.) 
@. CrysTaLLizep Lira1a.—Separates in small grains from an aqueous 
solution during evaporation. (C. Gmelin.) | ‘i 
y. Sotution or Lirn1a.—Hydrate of lithia does not deliquesce in the 
_ air (Arfvedson); it dissolves in water with elevation of temperature. 
Lithia is much less soluble in water than potash or soda, and apparently — 
not more soluble in hot than in cold water. (C. Gmelin.) ‘. 


2 gt ve 


6. With acids lithia forms the Liru1a-satts. These are white when the 
acid itself is colourless; they are more readily fusible than the correspond- 
ing salts of potash and soda; and are permanent in the fire, if the acid is 
not too volatile or easily decomposed. Fused with carbonate of soda on 
platinum foil, they produce a dark yellow stain round the circumference, 
whereas carbonate of soda by itself produces this effect in a much smaller 
degree only. (Berzelius.) Fused on platinum wire, they impart a carmine 
colour to the blowpipe flame. An excess of potash-salt does not in- 
terfere with the production of this colour, but the presence of a small 
quantity of soda gives rise to the yellow flame. (H. Rose.) I Stein (/. 
fir prakt. Chem. 81, 861; Ann. Pharm. 52, 248, 1844) has observed 
that this latter effect is produced when too strong a heat is applied; and — 
that if the lithia salt is barely fused on a platinum wire, saturated with — 
talc, and then heated in the flame of a candle, the red colour is dis-’ — 
cernible with one part of lithia to 2580 parts of soda. T uk 

Alcohol, in which a salt of lithia is dissolved or diffused in the state of. 
fine powder, also burns with acarmine-coloured flame. (C. Gmelin.) The 
same occurs also with paper saturated with a solution of a salt of lithia, or — 
the wick of a taper saturated with moistened phosphate or acetate of lithia. — 
(Turner, Ed. Phil. J. of Sc. 2, 267; 4,113; also Schw. 47,41.) Allthe © 
lithia salts are soluble in water; but the carbonate phosphate, and the ~ 
phosphate of lithia and soda difficultly so. Hence the other salts of-lithia, — 
when not dissolved in too much water, yield difficultly soluble precipitates — 
with carbonate of ammonia, potash, or soda, and with phosphate of soda. — 
Carbonate of soda precipitates the salts of lithia after some time only. 
Common diphosphate of soda does not precipitate them in the cold, even 
after a long time, except on the addition of ammonia, which gradually 
gives rise to an abundant precipitate. Buta mixture of a salt of lithia 
with phosphate of soda, becomes turbid by boiling or evaporation,—and _ 
the dry residue, on being treated with water, leaves the difficultly soluble 
phosphate of lithia and soda. : 

A solution of a salt, which is not clouded by caustic soda in the cold, 
or by carbonate of soda at a boiling heat, but yields with phosphate of — 
soda on evaporation, an almost insoluble white powder, contains lithia. — 
The detection and separation of lithia are founded on this property. — 
(Berzelius. ) | 

Phosphate of potash gives no precipitate, even on boiling or evapora- 
ration; but on the addition of ammonia, an abundant precipitate after 
some time. (H. Rose.) Hydrofluosilicic acid throws down from salts of — 
lithia the almost insoluble fluoride of silicium and lithium (Berzelius);— 
and carbazotic acid, throws down carbazotate of lithia. (H. Rose, Analyt. _ 
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Chem.)—The concentrated solution of a salt of lithia is not precipitated 
by perchloric acid (Serullas), sulphate of alumina (C. Gmelin), bichloride 
of platinum, oxalic acid, or tartaric acid. (Arfvedson, C. Gmelin.) 


c. With earths, in the above named minerals, excepting triphyline. 
All minerals containing lithia impart a purple colour to the blow-pipe 
flame, provided they are fusible. This colour is rendered much more dis- 
tinct when the mineral is mixed with one part of double fluoride of potas- 
sium and hydrogen and 44 parts of bisulphate of potash, and exposed to 
the blowpipe flame on platinum wire. (Turner.) The same minerals, 
when mixed with a small quantity of a mixture of one part of fluorspar 
and one part of sal-ammoniac, impart a greenish tint at first, and after- 
wards a red colour to the flame. (Berzelius.)—d. Lithia is but sparingly 
soluble in alcohol, which partly precipitates it from an aqueous solution. 


(C. Gmelin.) 


B. Preroxipr or Litaivm. 


The hydrate and the carbonate of lithia when heated in the air, appear 
to be partly converted into peroxide, which has not yet been prepared 
in the pure state, but has a great proneness to induce oxidation in plati- 
num, probably producing a compound of lithia with oxide of platinum. 
No alkali attacks a platinum crucible in which it is ignited, so severely 
as lithia and its carbonate, which cover the surface of the platinum with 
a dark-yellow or olive-green colour. (Berzelius.) Silver is also cor- 
roded and dissolved by carbonate of lithia in a state of fusion. 
(Kralovanszky.) 


LirHIuM AND CARBON, 


Carponats or Litata.—a. Monocarbonate.—The transparent hydrate 
of lithia becomes opaque in the air from absorption of carbonie acid. (C. 
Gmelin.)—1. Sulphate of lithia is precipitated by acetate of baryta, the 
liquid filtered and evaporated, and the acetate of lithia decomposed by 
exposure to heat.—2. An excess of carbonate of ammonia is dis- 
solved in a concentrated solution of chloride of lithium, and the carbonate 
of lithia, which is almost entirely precipitated, is washed on a filter with 
alcohol. (Berzelius.)—The salt is white, fuses at a low red heat (Arfved- 
son) to a clear liquid (Hermann), and solidifies on cooling to a vitreous 
mass (Arfvedson) ; this mass is crystalline (Turner), transparent, and sepa- 
rates into pieces which have a pearly lustre. (Hermann, Pogg. 15, 480.) 
Tt has a slight but distinctly alkaline taste, and turns reddened litmus 
paper blue. (Arfvedson.) A solution of one part of carbonate of lithia 
in 1000 parts of water still exhibits an alkaline reaction. (C. Gmelin.) 


Calculation. Hermann. Schaffgotsch. C. Gmelin. Kralovanszky. 
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Crystallizes by slow evaporation in small prisms, which effloresee 
slightly in the air (Arfyedson) in ‘pearly cubes, (Kralovanszky.)—The 
fused salt is dissolyed with great difficulty by water, but more easily when 
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powdered, especially if the water is hot. One part of carbonate of lithia 
. requires 100 parts of cold water for solution. Carbonate of lithia gives up — 

its acid to baryta and lime; it decomposes the salts of ammonia, lime, — 
magnesia, alumina, iron, copper, and silver. (Vauquelin.) It is insoluble © 
in alcohol. (C. Gmelin.) 7 | 


b. Acid-salt.—Water saturated with carbonate of lithia dissolves an 
additional portion when carbonic acid is passed through it. The solution 
yields, on evaporation, a crystalline crust of salt which decrepitates strongly 
in the fire. (Arfvedson.) According to C. Gmelin, the excess of carbonic 
acid escapes on evaporation, and the simple salt is thrown down. 


LiTHIUM: AND Boron. 


Borate oF Lrtuta.—a. Biborate.—According to Arfvedson, this salt 
forms crystals which have an alkaline taste and reaction; swell up and — 
lose their water of crystallization when heated; and fuse to a transparent 
glass: they are easily soluble in water. According to C. Gmelin, it forms 
a transparent gummy mass. 


b. Acid-Salt.—Indistinctly crystalline, and less easily soluble in water 
than a. (C. Gmelin.) 


LirHiuM AND PHOosPHORUS. 


PuospHate oF Lirara.—a. Diphosphate.— Precipitated from an — 
aqueous solution of carbonate of lithia on the addition of phosphoric acid 
and application of heat, the carbonic acid escaping; precipitated from 
sulphate of lithia by phosphate of ammonia, but not by phosphoric acid 
(C. Gmelin); from the acetate, on the contrary, it is almost completely 
precipitated by phosphoric acid. (Berzelius.) White, bulky powder, 
nearly insoluble in water. (C. Gmelin.) 

b. Monophosphate.—Crystallizes in transparent grains on the slow 
evaporation of the aqueous solution; readily soluble in water. 


(C. Gmelin.) 


LItHIUM AND SULPHUR. 


A. MonosutpuipE or Liratum.—Formed by heating sulphate of 
lithia to redness in a retort with charcoal. The charcoal must not predomi- — 
nate, otherwise a pyrophoric mass will be formed. The sulphide dissolves 
in water and alcohol more readily than the hydrate of lithia. (Berzelius.) — 


B. Sunpuiper or Liratum anpD Hyprocen.—Formed when sulphuret- — 
ted hydrogen gas is passed over ignited carbonate of lithia. The resulting © 
mass is pale-yellow in the cold, becomes dark-brown when heated, and 
fuses at a higher temperature. (Berzelius.) | | 


Hydrated Sulphide of Lithium and Hydrogen, or Bi-hydrosulphate of 
Lithia.—A solution of A is saturated with sulphuretted hydrogen gas. — 
The colourless liquid evaporated in a retort to the consistence of syrup, 
deposits crystals of carbonate of lithia, accidentally formed ; and if after-_ 
wards left ‘to evaporate in vacuo, over fused potash, it yields a confused 
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mass of salt, which becomes moist in the air, and is readily dissolved by 
alcohol. The aqueous solution evaporated in the air yields long prisms, 
which correspond to the hydrated bisulphide of lithium. (Berzelius, 
Pogg. 6, 489.) 


C. PersvunentpE or Liru1um.—When hydrate of lithia is fused with 
sulphur, a yellow mass is obtained, which is soluble in water and behaves 
with acids like other livers of sulphur. ( Vauquelin.) 


“| D. Sunpuite or Lrrata.—LO, SO? + 6Aq.—Obtained by passing 
sulphureous acid gas through water in which carbonate of lithia is sus- 


pended. White, feathery crystals. (Danson, Qu. J. of Chem. Soc. 2, 207.) 


K. HyposutPHate or Lrru1a.—LO, S?0° + 2Aq. Forms indistinct 
crystals, deliquesces in the air, and ig partially soluble in alcohol. (Ram- 
melsberg, Pogg. 66,79.) VT , 


F, SunpHate oF Lirnra.—a. Simple salt.— Preparation. Already 
given with that of the hydrate of lithia. The excess of sulphuric acid 
possibly occurring in any of the methods, may be removed by neutralizing 
with ammonia and igniting. White mass; fuses with difficulty, unless 
gypsum is present; but then, even if the quantity of gypsum. be small, 
it melts below a red heat. Has a pure saline taste without bitterness. 


(Arfvedson.) 


Her- C. Vauque- Kralo- Arfved- 
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Crystallizes in combination with water, in shining rhombic prisms 
with dihedral summits (Fig. 92) (Hermann), and in long tables which 
efiloresce very slightly in the air (C. Gmelin): the crystals decrepitate 
when heated, and give off their water of crystallization without first dis- 
solving in it, They are very soluble in water (Arfvedson), but not. per- 
ceptibly more so in hot water than in cold (Hermann) ; they are also 


easily dissolved by alcohol. (Kastner, Kastn. Arch. 16, 322.) 


Arfved- Her- Vauque- 

Crystallized. Hagen. son. C.Gmelin. mann, lin. 

eee 14:4 22:71 29°61 26:87 —-27-95 ie 
Pa 40-0 63-09 62-42 58-86 58-34f  85°7 87-5 
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LO, SO? + Ag. 63:4 100°00 100-00 100°00 100:00 100-0 100-0 


6, Acid salt.—By evaporating a with sulphuric acid and heating to 
redness, a more fusible salt. is obtained (Arfvedson), from which, when 
strongly ignited, the excess of acid is expelled in the form of sulphureous 
acid and oxygen gas. (C. Gmelin.) From its solution in water, however, 
the salt a separates in remarkably fine crystals, which have an acid 
reaction proceeding only from the adhering mother-liquor. (Arfyedson.) 


G. Sunpnipe or Carson anp Liruium, and HyprosuLpuo-carpo- 
NATE OF LirH1a.—The orange-yellow solution, when dried, yields a saline 
mass, which becomes moist in the air, even more readily than the potash 


or soda salt, and dissolves easily both in water and in alcohol. (Berzelius.) 
VOL, 111, K 
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Liratum AND SELENIUM. ‘i 


SELENITE OF LirHta.—Fuses below redness, forming a yellow liquid, 
which solidifies on cooling to a clear pearly mass, having a broadly foliated — 
crystalline texture ; becomes moist in the air. (Berzelius, Lehrd. 4, 194.) 


Liraium AND IoDINE. 


¢q A. IopIDE oF Liratum.—Lil + 6HO.—Forms acicular crystals, 
generally of a yellow colour, arising from the presence of free iodine; 
deliquescent; containing 28°30 per cent. of water. (Rammelsberg, Pogg. 
66, 79.) 7 iat ae 


B. Iopate or Lirnta.—The aqueous solution when evaporated yields 
an anhydrous crust, soluble in 2 parts of cold, and not much less of hot 


water. (Rammelsberg, Pogg. 44, 555.) | 


¢ C. Periopate oF Lrruta.—Dissolves with tolerable facility im 
water, and is decomposed by alcohol. (Rammelsberg.) 


LitHiuM AND BROMINE. 


BromATE oF Lirura.—The aqueous solution, evaporated in the usual 
way over oil of vitriol to a syrupy consistence, yields needles, which 
effloresce if kept long in the apparatus, but deliquesce rapidly in the open 
air. (Rammelsberg, Pogg. 55, 63.) : 


LITHiIuM AND CHLORINE. 


A. Cutorwe oF Litnium.—Crystallizes, on evaporating the aqueous 
solution in the sun, or an alcoholic solution over oil of vitriol (Rammels- 
berg), in cubes having the taste of common salt. (C. Gmelin.) When 
rapidly evaporated, it forms a crust. (Arfvedson.) Melts at a dull red 
heat, and volatilizes at a white heat. (C. Gmelin.) More volatile 
than chloride of potassium, but less volatile than chloride of sodium. 
(H. Rose.) In open vessels it volatilizes even at a low red heat, losing a _ 
portion of its chlorine and being partly converted into carbonate of 
lithia. (Hermann, H. Rose.) 3 


Tetra-hydrated chloride of lithium, or ter-hydrated hydrochlorate 9 
lithia.—Chloride of lithium, when it deliquesces in the air, gradually 
forms large rectangular prisms with four-sided summits placed upon the 
lateral edges (probably isomorphous with hydrated chloride of sodium 
&c.). When crystallized rapidly, it forms needles united together in 
feathery tufts, just like those of sal-ammoniac. When heated, the crys- 
tals undergo the aqueous fusion and afterwards dry up. Thrown on 
paper or moved with the fingers, they instantly become opaque, the 
opacity commencing at the point of contact and extending through the 
whole mass; in this state they fall to pieces on the slightest blow, and 
form a crystalline powder. (Hermann.) , i 
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Both the anhydrous and the hydrated. chloride of lithium deliquesce 
very rapidly in the air, and are very soluble in water and in alcohol, 
(even absolute): the alcohol then burns with a red flame. (C. Gmelin.) 


Anhydrous. Arfvyedson. Hydrated. Hermann. 
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‘i According to Rammelsberg (Pogg. 66, 79), the crystals contain 
only 2 atoms of water. 


B. CutorateE oF Lirata.—LiO, ClO® + HO.—Forms a radiated 
mass, very deliquescent, fusing at’ 50°, and evolving water at 140°, 
together with oxygen and small quantities of chlorine. After decompo- 
sition, chloride of lithium remains, having an alkaline reaction, The 
salt is very soluble in alcohol. (Wachter, J. fur pract. Chem. 8, 321; 
Ann, Pharm, 52, 231.) 4 


C. PercnLorats or Lrrara.—Carbonate of lithia is dissolved in the 
aqueous acid; the liquid evaporated to dryness; the residue dissolved in 
alcohol, which leaves behind any potash-salt that may be present; and 
the filtrate left to evaporate in a hot air chamber. Long, transparent, 
deliquescent needles (Serullas.) 


LitHIUM AND FLUORINE. 


A. Frvorre or. Lirn1um.—Crystallizes on evaporating the aqueous 
solution in yery small opaque crystalline grains, which, at the temperature 
of commencing redness, fuse to a clear mass, which again becomes cloudy 
as it solidifies. Scarcely soluble in water: (Berzclius, Pogg. 1, 17.) 


B. Pivorwe or Lirarum anp Hyprogen.—Small crystals, having 
a very acid taste. Leaves fluoride of lithium when ignited. Difficultly 
soluble in water, but more soluble than the fluoride of lithium. (Berzelius.) 


C. Fivormwe or Lirntum anp Boron.—Prepared by precipitating 
the compound of hydrofluoric acid with borate of baryta by sulphate of 
lithia. Crystallizes, when slowly evaporated at a temperature of 40°, in 
large prisms. Tastes like the soda-salt. In the air it becomes moist and 
liquefies; and the liquid yields small, rhombohedral, very soluble crystals, 
Mica have not been further examined. LEasily soluble in water. (Ber- 
zelius, 


LirHIuM AND NITROGEN, 


A. Nirrate or Lirata.—Anhydrous rhombic prisms (C. Gmelin), 
which fuse to a clear liquid when gently heated. The salt tastes like 
nitre (Arfvedson); has a very acrid taste. (Vauquelin, C. Gmelin.) 
Deliquesces with great rapidity in the air; very soluble in strong alcohol, 
(C. Gmelin.) . | 
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B. Paospnate or LitatA AND AmMontA.—Falls down in transpa- — 


rent crystalline grains during the slow evaporation of an aqueous solu- 
tion of a salt of lithia mixed with phosphate of ammonia. It is not 
formed, if excess of phosphoric acid is present, or if the solution is 
very dilute; for then the ammonia escapes during the evaporation. It 
resembles in appearance the phosphate of magnesia and ammonia, and 
readily fuses in the blowpipe flame, with loss of ammonia; it then 
gives a blue colour with nitrate of cobalt. (Berzelius, Lehrb. 4, 213.) 


C. Surprate or Lirnia AND Ammonta.—This salt crystallizes in 


a table form, dissolves easily in water, and when heated to redness, 
leaves simple sulphate of lithia. (Arfvedson.) 


LITHIUM AND SODIUM. 


Puospuarn or Lrruta aNpD Sopa.—Formed when the solution of a 


salt of lithia is evaporated to dryness with phosphate of soda. The 
liquid becomes turbid on evaporation, but the greater part of the double 
salt appears not to be formed till the liquid is evaporated to dryness: it 
is then left undissolved on treating the residue with water. If a salt of 
lithia is evaporated with metaphosphate or pyrophosphate of soda, the 
liquid is, in the first case, rendered still more turbid; but after complete 
evaporation, the same quantity of the same salt is formed in both cases. 
White bulky powder, fusing with tolerable facility on platinum wire before 
the blowpipe, and forming a clear bead, which, on cooling, becomes white, 
opaque, and crystalline; when fused on charcoal, it behaves in the same 
manner. Caustic lime or carbonate of lime decomposes it at a red heat. 
If the salt is heated to redness with 3 parts of hydrate of lime, boiling 
water will extract the lithia; and by evaporating, filtering from carbonate 
of lime, saturating the filtrate with hydrochloric acid, evaporating to 
dryness, and exhausting the residue with alcohol, it may be obtained in 
the form of chloride of lithium. When fused with carbonate of soda, 
with which it forms a clear glass, becoming turbid as it cools, it does not 
attack the platinum vessel; but when it is fused with carbonate of lime, 
then moistened with water, and heated again, the platinum is attacked. 
It is scarcely soluble in cold water, but somewhat more so in hot: in 
water containing phosphate of soda it is nearly insoluble. (Berzelius, 
Schw. 44, 127; Pogg. 4,246; Lehrd. 4,192.) It dissolves in 1400 parts 
of water at 15°; in 1233 at 60°; and in 951 parts at 100°. (Brandes, Schw. 
59, 359.) 


Fused, according to Berzelius. 
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| Rammelsberg (Pogg 66, 79) finds that the composition of this 
salt varies very considerably, the quantity of lithia varying within the 
limits of 21°8 and 32°15 per cent.; from which he concludes that the two 
bases are capable of replacing each other in the salt. Moreover, he is of 
opinion that it is tribasic; because, when dissolved in dilute nitric acid, 
it gives a pure yellow precipitate with nitrate of silver. 4 


Lithia also combines with mercury. 
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CHAPTER IV. 


BARIUM. 


History. The earlier chemists distinguished lime and magnesia, under 
the appellation of terre absorbentes, from the Earths in a more limited 
sense: to these absorbent or alkaline earths, baryta, discovered in 1774 
by Scheele (Opusc. 2, 262), and strontia, discovered still later, were after- 
wards added. Since the time of Fourcroy, however, these earths, some- 
times with the exception of magnesia, have been more or less regarded as 
alkalis; inasmuch as they possess the most characteristic properties of 
alkalis, and are distinguished from those earlier discovered, only by being 
—together with their compounds with acids—less easily soluble in water. 
They may therefore be distinguished as the less soluble or earthy alkalis. 
Sir H. Davy, in 1808, first obtained barium, strontium, and calcium in 
the free state; but they had before been obtained in combination with 
mercury, by Berzelius & Pontin. 


Sources. As sulphate and carbonate of baryta ; further, in Barytocal- 
cite, in certain ores of manganese, in Harmotome and Brewsterite. 
Traces of baryta are also found in the water of Pyrmont (Brandes, Sch. 
45, 369), of Kreuznach (Léwig), and of Luhatschivitz. (Planiava.) 


Preparation.—1. Hydrate of baryta, or the carbonate, chloride or 
nitrate, is made into a doughy mass with water, formed into a cup, and 
placed upon a platinum dish, which is connected with the positive pole of 
a voltaic battery of 500 pairs of plates; the cup is filled with mercury, 
in which the negative wire dips (I., 458). The amalgam of barium 
thus obtained is heated in a tube of glass without lead, and filled with 
the vapour of rock-oil till all the mercury is sublimed. (H. Davy.) If 
the hydrate of baryta is mixed with oxide of mercury, the amalgam is 
obtained in larger quantity. (H. Davy.) Hare (WV. Bibl. Univ. 23, 200; also 
J. pr. Chem. 19, 249) prepared the amalgam ina similar manner from 
moistened chloride of barium surrounded with a, freezing mixture, using 
2 batteries, each of 100 pairs, and containing more than 100 square feet of 
zinc. ‘The mercury was expelled by heating the amalgam in an iron 
crucible provided with an iron cover, and exhausted of air.—2. Accord- 
ing to Davy, barium may be obtained in an impure state, by passing 
vapour of potassium over red-hot baryta or chloride of barium.—3. Pure 
baryta or the nitrate is placed in a hole made in a piece of charcoal or on 
a slate, and exposed to a burning jet of detonating gas, produced from 
3 measures of hydrogen and one measure of oxygen gas. EHffervescence 
takes place, and white, shining globules of metallic barium are formed, 
The baryta must be anhydrous, and the detonating gas must be passed 
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through oil, not water; otherwise a translucent, vitreous, or horny mass 
will be obtained. (Clarke, Gd. 62, 363 ; Schw. 18, 246; 21, 885; Ann. 
Phil. 17, 419.) 


Properties. Silver-white, with less lustre than cast iron. Sinks 
rapidly in oil of vitriol, even if surrounded with bubbles of gas. Ductile, 
and may be beaten flat, though with difficulty. Fuses below redness, and 
Joes not volatilize at a red heat. (H. Davy, Phil. Trans. 1808, 343.) Of 
the colour and lustre of iron, and haying a specific gravity = 4°0, or 
somewhat greater. (Clarke.) 


Atomic weight of Barium : 68°39 (Berzelius) ; 68°64 (Pelouze) ; 68°54. 
(Marignac, Ann. Pharm. 68, 212.) 


Compounds of Barvwum. 
BARIUM AND OXYGEN. 


A. Baryra. BaO. 


Oxide of Barium, Heavy Earth, Schwererde, Schwerspatherde, Barytes, 
Terra ponderosa, Terre pesante, Terre barotique, Baryte, Protoxyde de 
baryum. 


Formation. Barium exposed to the air at ordinary temperatures be- 
comes covered with a white crust of baryta, and crumbles to a white pow- 
der. (H. Davy, Clarke.) The oxidation is almost instantaneous, the metal 
becoming covered, first with a thin layer of a straw-yellow colour, and then 
with a thicker crust of oxide; so that to catch the real colour of the metal, 
the eye must follow the stroke of the file or the burnisher. (Hare.) Heated 
gently, it burns in the air with a dark-red light (H. Davy); in the flame 
of the oxy-hydrogen blowpipe, with a chrysolite-green light. (Clarke.) 
With water it forms baryta-water, with violent escape of hydrogen. (H. 
Davy, Clarke.) If the metal has been previously kept under rock-oil, 
the effervescence is slower, because the barium is covered with a layer of 
resin. (Hare.) In oil of vitriol it is converted, with evolution of hydrogen 
gas, into sulphate of baryta. (H.Davy.) 


Preparation.—1. Nitrate of baryta is heated in a platinum or earthen 
crucible or in a porcelain retort, till it is completely decomposed,—a mode- — 
rate heat being applied at first, and a very strong heat for a short time to- 
wards the end of the process. (Vauquelin.) The crucible is raised to a bright 
red heat in a good air-furnace—a few spoonfuls of powdered nitrate thrown 
in—the cover put on—and the whole exposed to a red heat till the mass has 
become quite solid; more nitrate is then added, and the process continued 
till the crucible is half full of baryta. If too much nitrate is added at once, 
the mass boils over. From a platinum crucible the baryta is not easily 
separated; and, according to Berzelius (Lehrb. 4, 248), a considerable quan- 
tity of oxide of platinum becomes mixed with the baryta. From an earthen 
crucible (which may be broken when cold) the baryta extracts silica, alu- 
mina, iron, and manganese. By too long an exposure to heat, the baryta 
absorbs carbonic acid and oxygen.—2. Carbonate of baryta mixed with 

_ 2. of its weight of lamp-black or charcoal, and sometimes made into a thick 
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paste with solution of gum tragacanth or fixed oil, is heated to whiteness 
in an earthen crucible lined with lamp-black and having a closely fitting 
cover. (Pelletier.) When thus prepared, the baryta is often mixed with 
charcoal or carbonate of baryta: some cyanide of barium is also produced, 
unless the charcoal is perfectly free from nitrogen.—3. Carbonate of baryta 
is exposed in a platinum crucible to the strongest heat of a smith’s forge 
till it fuses. (Abich.) 


Properties. As prepared according to the first and second methods, 
it is a greyish-white, porous, friable mass; that obtained by the third 
method is dark grey with a bluish surface, and very dense ; specific gra- 
vity = 4:000 (Fourcroy), = 4:7322 nearly (Karsten). Fuses only in the 
strongest heat of a forge (Abich): in the oxy-hydrogen blowpipe flame it 
fuses to a lead-coloured slag, which, when exposed to the air, becomes 
covered with a white powder. (Clarke.) It is a non-conductor of electri- 
city. Has a caustic and alkaline taste, and acts as an alkali on vegetable 
colours. Corrodes organic matter, but less powerfully than potash or 
soda; it possesses poisonous properties independent of its causticity. 


Calculation. Berzelius. H. Davy. 
Be istaneg. G36 ojos O9°9G cater 89°58 rests 89°7 
Bra Setishesoennj) ae oaks 10°44 3, LOAD sercits 10°3 
AVOUR hit atts. wok? pd ae eee & 10000... 100°00 4:5... 100°0 


(BaO = 856°88 + 100 = 956°88. Berzelius.) 


Decompositions.—1. By electricity.—2. By potassium ata red heat.— 
3. By hydrogen at the temperature of the oxy-hydrogen blowpipe.—4. By 
phosphorus, sulphur, and hydrogen acids.—5. When vapour of sulphide 
of carbon is passed over baryta heated in a tube, the baryta becomes red- 
hot, and is converted into a mixture of sulphide of barium and carbonate 
of baryta. (Berzelius.) 


3BaO + CS? = 2BaS + BaO, CO?. 


Combinations. a. With water: 

e. Hyprate or Baryra.—When baryta is moistened with water, it 
falls to pieces and becomes very hot, the heat being often sufficient 
to raise the hydrate produced to a red heat, and then fuse it. (Dobereiner, 
Schw. 6, 367.) Baryta fused in a platinum crucible attracts water and 
carbonic acid from the air so greedily that it expands the crucible, 
(Abich.) The hydrate is obtained by melting the crystals of baryta in a 
silver crucible, and heating to redness.—White powder, or fused white 
sae of crystalline texture; fuses at a low red heat and forms an oily 
iquid. 


Calculation. 
ETT SG payee emns 70°O. Nn 89°5 
PO teeth Sok Ce ere ae 10°5 
DBaQ, HO -s..:.5,;.. BON ian ae'etss 100°0 


Loses none of its water by strong ignition unless carbonic acid enters 
to supply its place. (Bucholz & Gehlen, WV. Gehl. 4, 258.) In the most 
powerful heat of a blast-furnace it loses weight. (Abich.) Heated on 
charcoal, it fuses with violent effervescence (proceeding from the decom- 
position of the water), and sinks into the charcoal, forming a hard mass. 
(Berzelius.) 
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RB. CrysTautizeD BARryTA.—1. Baryta prepared by method 1,2, 0r 4 


3, is dissolved in hot water and left to crystallize. For this purpose, 
one part of nitrate of baryta may be mixed and heated to redness 
with from 1 to 2 parts of powdered heavy spar:.the mass does not 
froth up, even when strongly heated. (Mohr, Ann. Pharm. 27, 27.)—Or 
one part of nitrate of baryta is heated to redness with from 4 to 3 pt. 
of iron filings until perfectly decomposed. (Artus, J. pr. Chem. 6, 172 ; 
Wittstein, Repert. 65, 359.)--2. The sulphide of barium obtained by 


heating to redness 4 parts of heavy spar with 1 part of charcoal, is _ 


dissolved in water, and boiled with 1 part of oxide of copper till the 
liquid becomes quite colourless, and, with an excess of acetic acid present, 
no longer precipitates a salt of lead; it is then filtered from the sulphide 
of copper, and left to crystallize. (Darcet; A. Vogel, WV. Zr. 3, 2, 545.) 
The liquid contains a small quantity of oxide of copper in solution. 
(H. Rose, Pogg. 12, 78.)—3. Baryta is thrown down in crystals by adding 
potash to a cold aqueous solution of chloride of barium, nitrate, or acetate 
of baryta; the crystals are washed with ice-cold water or alcohol, till all 
the potash-salt is separated: they are then dissolved in hot water, and the 
solution is left to crystallize. (Anfrye & Darcet, 4. Gehl. 3, 325 ; Kirch- 


hoff, A. Gehl. 4, 658; Pessina, Brugn. Giorn. 17, 265.) Transparent, ~ 


colourles, four-sided, or flattened six-sided prisms with four-sided sum- 
mits. The crystals heated to 100° melt, lose water, and leave a white 
friable residue containing 20:07 per cent. (2 At.) of water. This, when 
heated to redness in a crucible, froths up violently, fuses, and leaves 
hydrate of baryta in a state of tranquil fusion. (Smith, Phil. Mag. J. 9, 
87; also Pogg. 39, 196.) The loss which the crystals sustain by igni- 
tion amounts to 50 per cent. (Bucholz.) Specific gravity, = 2°188. 
(Filhol.) | 


Calculation. Smith. R.Phillips. Noad. H.Rose. Dalton. 
305 @ Bran ts 76°6 48°61 48°21 47°28 46°94 46°66 30 
STI cucn a teas 81:0 51°39 51°79 52°72 53°06 53°34 - 70 


BaO,9Aq. ... 157-6 100°00 100°00 100:00 + 100:00 100:00 +100 


H. Rose and Noad state the amount of water in the crystals, accord- — 
ing to their own analyses, as equal to 10 atoms: if this be the case, it — 
must amount to 54 per cent. Noad also found only 9 atoms of water in ~ 
the crystals sent to him by Smith: it remains therefore to be decided — 


whether the crystals containing the smaller quantity of water had lost 


any previous to the analysis; or, what is more probable, whether those 


which were richer in water did not contain some of the mother-liquid en- — 
closed within them. @ Filhol (J. Pharm. & Chim. 3, 7, 271; Ann. 
Pharm. 56, 222), in a more recent examination of the hydrate, found only — 


8 atoms of water. 7 Ay 
y. Baryta-Water.—Hydrate of baryta dissolves in 20 parts. of 


cold, and in 2 parts of boiling water. (H. Davy.) One part of anhydrous — 
baryta dissolves at 18° in 85, at 47° in 7°5, and at 70° in 5°6 parts of — 


water. (Osaun.) It forms a colourless solution, which is not precipitated 


by alcohol, and when exposed to the air becomes covered with succes- 


sive films of carbonate of baryta, till at last nothing remains but pure 
water. 


6. With acids it forms the Baryta-satts. For many acids, the affinity 
of baryta is greater than that of any other salifiable base. or the pre- 


paration of the other salts of baryta, the very abundant substance, Heavy- — 


mi 


_BARYTA SALTS, ee 
' ° 
spar, is generally used; more rarely, Witherite. Heavy spar is converted 
by ignition with charcoal, into sulphide of barium, which, after bein 
dissolved and filtered, is decomposed by the particular acid which will 
form the required salt.—Of all the alkaline salts, those of baryta are speci- 
fically the heaviest. They are colourless when the acid itself is colourless. 
Those which are soluble exhibit poisonous properties. Many baryta-salts 
impart a green colour to the flame of alcohol. Most of them are nearly 
or quite insoluble in water ; but all, the sulphate only excepted, dissolve 
in dilute hydrochloric or nitric acid. Salts of baryta which contain no 
metallic acid, form, when fused with carbonate of soda ona platinum wire 
in the outer blowpipe flame, a transparent bead which becomes cloudy on 
cooling. This mixture when fused on charcoal, sinks into it: (This character 
distinguishes baryta from lime, and from the earths which do not dissolve 
in carbonate of soda and remain on the surface of the charcoal.) (Plattner, 
J. pr. Chem. 16, 467.) Baryta-salts dissolved in water or nitric acid 
produce, even when very dilute, a finely divided, white, pulverulent pre- 
cipitate with sulphuric acid and its salts. If the solution is very dilute, 
or the acid in large excess, the precipitate does not appear for some time: 
it is insoluble in hydrochloric or nitric acid. An aqueous solution of sul- 
phate of lime also precipitates the salts of baryta. <A solution of nitrate 
of baryta containing only 1 part of baryta in 25,000 parts of water, gives 
a very distinct cloudiness with sulphuric acid or sulphate of soda; with 
50,000 to 100,600 parts of water, it is rendered slightly turbid; with 
200,000 to 400,000 parts, not till after some minutes; and with 800,000 
parts, the reaction ceases altogether. (Lassaigne, J. Chim. Med. 8, 526.) 
A solution of chloride of barium containing 1 part of baryta in 71,000 
parts of water, becomes turbid with sulphate of soda, after the lapse of 
half an hour. (Harting, J. pr. Chem. 22, 50.) Hydrofluosilicic acid gives 
with baryta-salts, after a while, a crystalline precipitate nearly insoluble 
in hydrochloric and nitric acid. One part of chloride of barium dissolved 
in 3,800 parts of water, still gives a precipitate with this acid. (Harting.) 
Monocarbonate of ammonia, potash, or soda, precipitates a salt of baryta 
from an aqueous solution in white flakes, soluble with effervescence in 
hydrochloric or nitric acid. Bicarbonate of potash precipitates a some- 
what concentrated, but not a very dilute solution, unless with the aid of 
heat. Borax gives a white flaky precipitate at a certain degree of concen- 
tration only; but diphosphate or arseniate of soda gives a precipitate with 
a more dilute solution: this precipitate is easily soluble in hydrochloric or 
nitric acid. Monophosphate of soda (NaO, 2HO, cPO°) does not give any 
precipitate. Iodate of soda precipitates the baryta completely as iodate, in 
the form of a white granular powder easily soluble in hydrochloric acid. 
Salts of baryta are precipitated yellow by chromate of potash, and per- 
fectly, even when the solution is largely diluted. Simple oxalate or tartrate 
of ammonia, potash, or soda, gives a white precipitate, soluble in dilute 
hydrochloric acid, Free oxalic acid and binoxalate of potash produce, after 
some time and only from a concentrated solution, a crystalline precipitate 
of binoxalate of baryta. Alkaline succinates precipitate a concentrated 
solution immediately ; a dilute solution, after some time only. Ferro- 
cyanide of potassium gives a yellowish-white precipitate, provided the 


solution is not too dilute. Perchlorice acid and sulphide of ammonium do 
not affect baryta-salts. 


_¢. Baryta likewise combines with some of the earths and metallic 
oxides,—d. With certain substances of the organic kingdom, 
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B. Prroxipe or Barium. BaO’, 


Baryta heated to low redness in a glass or porcelain tube, rapidly 
absorbs oxygen passed over it (Gay-Lussac & Thénard); and indeed, as 
Thénard (Ann. Chim. Phys. 8, 308). supposed. and Rammelsberg (Pogg. 
44, 588) confirmed, one atom of baryta absorbs one atom of oxygen. — 
Preparation.—1. By Thénard’s method (II.; 7).—2. Chlorate of potash 
is sprinkled in small quantities at a time on baryta at a low red heat. 
The baryta becomes red-hot. The mass when. cold may be freed from the | 
chloride of potassium mixed with it, by washing with cold water; the 
residue is hydrated peroxide of barium, which may be dried in the air at 
ordinary temperatures. (Liebig & Wohler, Pogg. 26, 172.) Quesneville | 
(Ann. Chim. Phys. 36, 108; also Pogg. 10, 620) heats nitrate of baryta in — 
a porcelain retort furnished with a Welter’s safety tube, till it evolves no — 
more hyponitric acid but only pure oxygen; the residue is peroxide of 
barium free from nitric acid. eee 

This process might give nitrite of baryta. 


Calculation. 
aor ee toxins eke ieee GOO wom. were 81°09 
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Peroxide of barium is of a dark grey colour, and somewhat more 
fusible than the protoxide. (Gay Lussac & Thénard.) When very 
strongly heated, it evolves oxygen and is converted into baryta: in | 
warm water it is resolved into oxygen gas and baryta-water; with — 
carbonic acid gas it yields oxygen and carbonate of baryta; heated with 
hydrogen gas it emits sparks, and is converted into hydrate of baryta. 

_ Gives up its excess of oxygen to carbon, boron, phosphorus, sulphur, 
and the metals, at elevated temperatures, and to hydrosulphuric acid — 
in the cold. (Gay-Lussac & Thénard.) Dissolves in hydrated. acids, — 
forming a salt of baryta, whilst its excess of oxygen passes over to a 
portion of the water, forming peroxide of hydrogen. When peroxide of . 
barium is thrown into water, it diffuses itself through the liquid without — 
rise of temperature, and produces Hydrated Perowide of Barium in the — 
form of a white powder. The same compound is precipitated in pearly — 
scales when an excess of baryta-water is added to pure peroxide of — 
hydrogen, or the hydrochlorate or nitrate of that compound ; these scales — 
are decomposed by water at 100° into oxygen gas and baryta-water, and * 
are only slightly soluble in colder water. (Thénard, Ann. Chim. Phys: 8, — 
312.) “The hydrate appears to contain 6 atoms of water. (Liebig & 

W ohler.) Sees 

BARIUM AND CARBON. 

A. CarBonatE oF Baryta.—da. Monocarbonate. Found native as — 
Witherite. It is rapidly formed by exposing baryta, or the hydrate, 
crystals, or solution of baryta to the air. 3 a 

Preparation. —1. An aqueous solution of chloride of barium or 
nitrate of baryta is precipitated by carbonate of ammonia and washed.— 
2, An aqueous solution of sulphide of barium is mixed with carbonate of © 
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soda: fro from sulphate, and the precipitate washed. This precipitate is 
_ more likely to be contaminated either with a sulphur compound, or—if 


carbonate of potash is used instead of carbonate of soda—with silica.— 
3. A crucible is filled with a mixture of 10 parts of heavy spar, 2 parts 
of charcoal, and 5 parts of pearlash; exposed to-a full red-heat for several 
hours, till the mass fuses together; then taken out, and the crucible 
refilled, &e. The broken mass freed by washing with water from 
sulphide of potassium, leaves impure carbonate of baryta. This serves 
for the preparation of other baryta-salts by dissolving it in the various 
acids (they will however contain iron). (Anthon, Repert. 59, 326; ved. 
also Otto, Ann. Pharm. 26, 92.) In order to obtain the carbonate in 
crystals, a bag containing crystallized baryta is suspended in a mixture of 
baryta-water and solution of potash, and the air allowed to act on it. 
(Zoega, Kastn. Arch. 2, 17.) 

The crystalline system of Witherite is the rhombohedral; primary 
form, a slightly obtuse rhomb. (Fig. 141, 137, 138 and_ others) 
” > 7° = 91° 54’; 7! : 7? = 88° 6’; 7 :¢ = 143°-23' and so on. (Hauy.) 
Sp. gr. = 4301 (Mohr) = 4:3019. (Karsten.) The artificially prepared 
carbonate is generally in the form of a soft white powder. Fuses in a 
powerful blast-furnace (Abich), and in the flame of the oxy-hydrogen 
blowpipe. (Pfaff.) In fine powder it turns reddened litmus blue, and 
the colour of violets green. (Pleischl.)—Tasteless and poisonous. ' 


Kirw., Pellet., 
Klapr., Clem., 
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On charcoal ignited in a stream of oxygen gas, it volatilizes with a 
yellowish light. When exposed for an hour and a half to the strongest 
heat of a blast-furnace, it loses all its carbonic acid. (Abich, Pogg. 23, 
314.) This occurs at a lower temperature, if vapour of water is passed 
over it, whereby the hydrate is formed. (Priestley, Gay-Lussac & Thénard, 
fecherch. 2,180.) Fuses readily before the blowpipe, forming a clear bead 
(of hydrate ?), which becomes white and opaque as it cools; on charcoal it 
behaves just like the hydrate. (Berzelius.) When carbonate of baryta is 
mixed under water with its own weight of sulphate of potash or twice its 
weight of Glauber’s salts, and agitated, the whole is converted, in the 


- course of half an hour, into sulphate of baryta and carbonate of potash 


or soda (Sch. 93); but at a higher temperature, the reverse takes place. 
(Koélreuter, Mag. Pharm. 8, 181.) The decomposition of sulphate of 
potash or soda in the cold takes place, but very imperfectly, even when 
equal weights are used and the mixture agitated for 24 hours. (Gossmann, 


epert. 61, 49.) Carbonate of baryta dissolves very easily in a cold 
aqueous solution of chloride of ammonium, or of nitrate or succinate of 


ammonia. (A. Vogel, J. pr. Chem, 7, 453; Brett, Phil. Mag. J. 10, 96; 
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Wittstein, Repert. 57, 18; Wackenroder, Ann, Pharm. 41, 315.) If the 
liquid be continuously boiled, one atom of sal-ammoniac only is required 
for the solution of one atom of carbonate of baryta, and the ammonia 
escapes as carbonate. (D. Smith, Phil. Mag. J. 9, 540; Demargay, Ann. 
Pharm. 11, 251.) Carbonate of baryta is soluble in 4804 parts of cold, 
and in 2304 parts of boiling-water. (Fourcroy, Ann. Ohim. 4, 64.) 

4 One part of carbonate of baryta dissolves in 14,187 parts of water 
at a temperature between 16° and 20°; in 15,421 parts of boiling water; 
and in 141,000 parts of solution of ammonia or carbonate of ammonia, at 
ordinary temperatures. (Fresenius, Ann. Pharm. 59, 117.)7 The 
aqueous solution has a slight alkaline reaction on vegetable colours. 
(Braconnot, Pleischl.) It does not dissolve in an -aqueous solution of 
potash or soda salts. z= 


b. Sesquicarbonate.—Chloride of barium is precipitated in the cold with 
sesqui-carbonate of potash dissolved in water. It is more soluble in water 
than a. (Boussingault, Ann. Chim. Phys. 28, 288 2. 


Calculation. . ~~, Boussingault. 
2BaO ssc fetes 1 Doe saniae 69°89 ~ 266 68°5 
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oe Ss: 
c. Bicarbonate.—Can be prepared only in the form of aqueous solu- — 
tion.—-1. Solution of carbonic acid dissolves 73¢-0f carbonate of baryta. — 


(Fourcroy.)—2. By mixing a soluble salt of baryta with bicarbonate of — 


potash or soda, acid carbonate of baryta is obtained and remains dissolved — 
if a large quantity of water is used. (Berthollet, WV. Gehl. 8, 261; Long- 
champ, Ann. Chim. Phys. 23,191.) The solution has an alkaline action 
on litmus and violets. (Pleischl.) , 


BARIUM AND Boron. 


Borate or BAryta.—a, Monoborate. Formed when chloride of 
barium is precipitated by monoborate of potash. The precipitate dis- 
solves slightly in cold water, and more freely in hot. (Berzelius.) 


b. Biborate.—By precipitating solution of borax with a baryta-salt in 
excess, and washing the precipitate. It forms loose hydrated flakes, 


which form a fine white powder when dried, and when heated to redness, 
give off water and fuse to a grey transparent glass. Exerts a slight alka- 


a RE 


line action on vegetable colours. : 
Fused. Tiinnermann. L.Gmelin. Berzelius. Thénard. 
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When chloride of barium is precipitated by borax in excess, the precipi- 
tate after ignition contains 48°31 per cent. of baryta and 51°79 of boracic¢ — 


* 
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) 
acid.|(Tiinnermann.) With sulphate of potash and soda in the cold,it behaves 
in the same manner as carbonate of baryta. (Kélreuter.) It dissolves in 
100 parts of cold water: a hot saturated solution deposits part of the salt 
on cooling, in the form of a white powder; carbonic acid, according to 
Berzelius, throws down carbonate of baryta from the solution. It is 
readily dissolved by a cold aqueous solution of chloride of ammonium or 
nitrate of ammonia, (Brett, Wackenroder,) also by chloride of barium. 


(H. Rose.) 


c. Sewborate-—Sexborate of ammonia gives with baryta-salts a white 
precipitate, which is soluble in a large quantity of water, and renders it 
alkaline, (Laurent.) 


BARIUM AND PHOSPHORUS. 


A. PHospHIpE or Barium. Otherwise called phosphuret of baryta.— 
It is obtained, mixed with phosphate of baryta, when vapour of phosphorus 
is passed over baryta heated to redness in a glass tube. Dry phosphorus is 
put into a glass tube from } inch to 4 inch wide, sealed at one end, the 
rest of the tube, excepting the length of 2 inches beyond the phosphorus, 
being filled with pieces of baryta. The tube is placed horizontally; the 
part containing the baryta heated to low redness by means of charcoal; 
and the phosphorus gently fused and volatilized by a charcoal fire or 
a spirit lamp. If all the air is previously expelled from the tube by a 
current of hydrogen gas, and the vapour of phosphorus mixed with 
hydrogen passed over the baryta, 74:04 parts of baryta absorb 25:96 parts 
of phosphorus, or 7 atoms of baryta take up 6 atoms of phosphorus. 
In this manner, 5 atoms of monophosphide of barium and 1 atom of 
diphosphate of baryta are produced, 


7BaO + 6P = 5BaP + 2BaO, PO. 


(Dumas, dan. Chim. Phys. 82, 364.) [Should not 8BaO, PO* be formed, 
according to the formula 8BaO + 6P — 5BaP + 8BaO, PO*?] This 
substance is brownish-black, has a metallic lustre, and is tolerably hard. 
(Dumas.) Very fusible.. Decomposed by water into phosphuretted 
hydrogen gas and hypophosphite of baryta. (Dulong.) Not sensibly 
affected by chlorine in the cold; but when heat is applied, it immediately 
becomes red-hot and is resolved into chloride of phosphorus, chloride of 
barium, and phosphate of baryta. (Dumas.) 


B. Hyporuospurre or BaryTA.—1. Phosphide of barium is decom- 
posed by water, the liquid filtered, and evaporated to the crystallizing 
point. (Dulong.)—2. Baryta-water is boiled with phosphorus till no more 
phosphuretted hydrogen is evolved; the solution filtered from the phos- 
phate of baryta produced at the same time ; then evaporated over oil of 
vitriol in vacuo, and the uncrystallizable residue dissolved in hot water 
and cooled. (H. Rose.) As it is not absolutely necessary to boil the 
baryta-water with the phosphorus, the flask may be nearly filled with liquid 
and set in a warm place; and thus the explosion which the phosphuretted 
hydrogen produces on coming in contact with the air may be prevented. 
(Wurtz.) [A cast-iron bottle might be serviceable. ] Instead of baryta- 
water, a solution of ordinary sulphide of barium, which generally contains 
more than one atom of sulphur, may be used: it acts in the cold, and loses 
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its yellow colour, while the phosphorus absorbs the excess of sulphur, and — 
is resolved, together with the water, into hydrosulphurie acid which com- — 
bines with the monosulphide of barium, and hypophosphorous acid. lig 
heat be applied, a violent evolution of easily inflammable phosphuretted — 
hydrogen and pure hydrogen gas, followed by a small quantity of hydro- 
sulphuric acid gas, takes place. At last a solution is obtained, consisting — 
of hypophosphite of baryta and double sulphide of hydrogen and barium, 
which latter is not decomposed by phosphorus. The double sulphide is — 
decomposed by digestion with carbonate of lead; and the liquid filtered 

and evaporated to the crystallizing point, yields the salt 6. (Wurtz.) : 


a. With 2 atoms of water.—1. Crystallizes from a solution evaporated 
in vacuo over oil of vitriol already mixed with water (H. Rose); like- 
wise from a solution in excess of hypopbosphorous acid: none of that 
acid combines with the crystals, so that they are neutral after washing. 
- (Wurtz.)—2. It remains after drying the salt 6 at 100°. (Wurtz.) | Pre- 
pared by the first method, it forms shining square tables. (Wurtz. ) 


b. With 3 atoms of water.—Crystallizes from a hot aqueous solution 
on cooling (H. Rose), or on the careful addition of alcohol, till turbidity 
begins to show itself and the deposition of salt commences. (Wurtz.) 
Crystallizes in prisms of a pearly lustre and somewhat flexible. (H. 
Rose.) White needles, permanent in the air when dry, and losing 6°28 per 
cent. of water at 100°. When heated, the salt first evolves water, then a 
large quantity of spontaneously inflammable phosphuretted hydrogen, fol- 
lowed by a little non-spontaneously inflammable gas, and leaves 80°74 per 
cent, of a reddish mixture of diphosphate of baryta with a small quantity ~ 
of oxide of phosphorus. (H. Rose.) 


2(BaO, 2HO, PO) = 2Ba0, PO’ + PH? + HO. 


A concentrated solution “heated with hydrate of potash evolves much 
hydrogen and deposits phosphite of baryta. (Wurtz.) 


2(BaO, 2HO, PO) + 2KO = 2Ba0, PO? + 2KO, PO? + 4H. 


The salt b dissolves in 3°5 parts of cold and in 3 parts of boiling 
water (Wurtz); it is insoluble in alcohol. (H. Rose.) (Vid. also Dulong, 
Ann. Chim. Phys. 2,141; H. Rose, Pogg. 9, 370, 12, 88; Wurtz, Ann. 
Pharm. 43, 323.) 


With 2 atoms of water. H. Rose. a. 
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« consists of crystals obtained by evaporating the solution in vacuo 
over oil of vitriol containing water; 6, of crystals formed by the cooling 
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of an aqueous solution; y is the dry mass which remains in vacuo over 
pure oil of vitriol. 


C. Puospnite oF Baryta.—a. Diphosphite. Precipitates on mixing 
diphosphite of ammonia with chloride of barium: it separates after a 
short time as a white crystalline crust, which adheres to the vessel and 
effloresces in dry air. (Berzelius.) The dry salt heated to redness in a 
retort evolves pure hydrogen gas, besides traces of water and phosphorus, 
and leaves di-|pyro-|phospbate of baryta, of a brownish colour, arising 
from the presence of a small quantity of phosphoric oxide. 


2BaO, PO?,2HO = 2BaO PO® + 2H. 


(H. Rose, Pogg. 9, 28.) Evaporated with nitric acid and ignited, it” 
leaves diphosphate of baryta. (Berzelius.) Dissolyes readily in water 
containing sal-ammoniac. (Wackenroder.) Very slightly soluble in 
water, from which it erystallizes by evaporation: when strongly heated 
with water, it is converted into a basic salt which separates in pearly 
scales, and an acid salt which remains in solution. (Dulong.) 


Fourcroy & 

Calculation. Berzelius. H.Rose. Vauquelin. 
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2BaO, PO%,2Aq..... 2266 .... 10000 .... 100°00 .... 100°00 .... 100-0 


When a solution of monophosphate of baryta is precipitated by excess 
of ammonia, digested, filtered and washed (but not too long, on account of 
its solubility) a salt remains containing 69:47 per cent. (5 atoms) of 
baryta, 28°85 (3 atoms) of phosphorous acid, and 1°65 (2 atoms) of water. 
(H. Rose.) 


6. Monophosphite.—The salt a is digested with an aqueous solution 
of phosphorous acid, in quantity not quite sufficient to form a perfect 
solution, and the filtrate evaporated in vacuo over oil of vitriol. It 


forms small granular crystals. Heated in a retort, it swells up consider- — 


ably; evolves a mixture of hydrogen gas and much phosphuretted 
hydrogen, not spontaneously inflammable; and leaves a residue free from 
oxide of phosphorus, composed of 55.9 parts (10 atoms) of baryta and 
46°1 parts (9 atoms) of phosphoric acid. Evaporated with nitric acid and 
ignited, it leaves 95°8 per cent. of fused monophosphate of baryta 


(BaO, PO*). Easily soluble in water. (H. Rose, Pogg. 9, 215.) ie 
Crystallized. H. Rose. 
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2(BaO, 2HO, PO’) + Aq.? 310:0 .... 10000... 100-00 


D. ORDINARY PHOSPHATE oF BaryTa.—a. Triphosphate. Formed 
when chloride of barium is precipitated by triphosphate of soda: the 


supernatant liquid is neutral. Heavy precipitate in the form of small 
flakes. (Graham, Pogg. 32, 49.) 


Calculation. 


” 


ref > 
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By digesting the salt 2 with ammonia, Berzelius (Ann. Chim. Phys. 21, 4 
114) obtained a white powder which did not absorb carbonic acid from the 
air; it contained 72:93 per cent. of baryta with 27:07 of phosphoric — 
acid. This is either, as Berzelius supposes, a compound of 5 atoms of 
baryta with 2 atoms of phosphoric acid, or a mixture of a and 0. 


b. Diphosphate-—1. Ordinary diphosphate of ammonia is added drop 
by drop to an aqueous solution of chloride of barium, in such quantity 
that the former salt may predominate. (Berzelius.) An excess of diphos- 
phate of ammonia would withdraw one part of the acid from the preci- 
pitate, and become changed into simple phosphate of ammonia. (Mits- 
cherlich.)—2. @ Ludwig (Arch. d. Pharm. 66, 265) found that on 
adding chloride of barium to ordinary phosphate of soda, the compound 
2Ba0, HO, PO*, is always precipitated, and more or less phosphoric acid 
left in solution: moreover, when phosphate of baryta is dissolved in 
hydrochloric acid and precipitated by ammonia, phosphoric acid is like- 
wise found in the liquid. 1 White pulverulent precipitate, fusing in the 
fire to a grey enamel. (Berzelius.) With a cold solution of potash or 
soda it behaves like carbonate of baryta. (Kélreuter.) This decom- 
position is very imperfect. (Gossmann.) Readily dissolved by aqueous 
phosphoric, hydrochloric, or nitric acid. It is easily soluble also in 
water containing sal-ammoniac, nitrate, or succinate of ammonia from 
which it is partially precipitated by a small quantity of ammonia, 
but completely by a larger quantity. (H. Rose, Brett, Wittstein.) Dis- 
solves at 22°5°, in 400 parts of acetic acid of specific gravity 1:022. 
One part of it dissolves in 20,570 parts of water at 20°. (Bischof. If 
an excess of phosphate of baryta is digested at a temperature of 20° in 
nitric acid of specific gravity 1-275 mixed with various proportions of 
water, the salt dissolves in the several liquids in very different proportions. 
In the following table, a gives the quantity of water added to 100 parts 
of nitric acid; 6, how many parts of the acid mixture are required to 
dissolve 1 part of phosphate of baryta; ¢, the quantities of phosphate of 
baryta dissolved by 100 parts of nitric acid of specific gravity 1°275, after 
dilution with a greater or smaller quantity of water. (Bischof, Schw. 
67, 39.) 


a. b. C. a. b. ¢. a. b. Cc. 


0.1563 0°062 396 57 8°74 1000 22 49°91 

79°2** ~318 * (0°56 475°2 8945 12°88 1100 45 26°78 
#1584 27155 -.1°67 700 52 15°53 1700 66 27°30 
meeway yp: 107% 3116 800 48 18°65 2300 63 38°02 
316°8 69 6°03 900 30 33°02 2900 74 39°16 


Hence it appears that 100 parts of nitric acid of specific gravity 1°275 
dissolve the greatest quantity of the salt when diluted with a tenfold quan- 
tity of water. [The solution is doubtless effected by the conversion of the — 
diphosphate of baryta into nitrate and soluble monophosphate of baryta. 
The more concentrated the solution the less easily is the nitrate of 
baryta taken up. A certain degree of dilution is therefore necessary; but 
when it is too great, the decomposing effect of the nitric acid is probably — 
interfered with.} Water containing ~>}55 part of nitric acid dissolves 
more than double the quantity that pure water does. (Bischof.) 


_¢. Two-thirds phosphate. When an aqueous solution of phosphoric _ 
acid is saturated with the salt 0, and alcohol added, large flakes are — 
thrown down, which, after being purified by means of alcohol and dried, 


= 
+ 
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yield a loose white powder, and after ignition—during which the mass 
puffs up—a grey porous mass. (Berzelius.) | After ignition, it probably 
consists of pyrophosphate and metaphosphate of baryta. ] 


Ignited. 
GCM yr ctcee ae ie ask aA Bas | a eee 61°67 
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d. Monophosphate. Monophosphate of soda does not affect chloride 
of barinm ; the slightest addition of ammonia, however, gives rise to a 
precipitate. (Mitscherlich.)— Diphosphate of baryta is dissolved in aque- 
ous phosphoric acid to saturation; the solution evaporated gradually; 
and the crystals formed during the process pressed between blotting- 
paper. The syrupy mother-liquid is phosphoric acid nearly free from 
baryta. The crystals are white, and resemble chloride of barium 1D. 
taste as well as in appearance, excepting that they are rather acid and 
redden litmus. They are permanent in the air, and at a red heat are 
converted, with frothing up and loss of water, into a spongy mass resem- 
bling burnt alum. (Berzelius.) The salt dissolves in aqueous phosphoric 
acid and some other acids, without decomposition: mixed witha large quan- 
tity of water, it changes into diphosphate which remains undissolved, 
and dilute phosphoric acid containing but little baryta. (Berzelius, Ann, 
Chim. Phys. 2, 153; 11, 114.) 


Ignited. Berzelius. 
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Crystallized. Berzelius. 
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E. Dipyrornospuate or Baryta.—An aqueous solution of dipyro- 
phosphate of soda gives with chloride of barium a precipitate containing 
67°33 parts of baryta and 82-67 parts of pyrophosphoric acid. (Hess, Pogg. 
18,71.) Pyrophosphate of baryta is insoluble in water containing sal- 


ammoniac. 4 Amorphous white powder, somewhat soluble in water;. 


soluble in nitrie and in hydrochloric acid; insoluble in acetic acid and 
solution of pyrophosphate of soda ; Soluble in water containing sulphurous 
acid; also in a large excess of pyrophosphoric acid. The hydrated salt 
contains one atom of water. (Schwarzenberg.) 4 | 


#. METAPHOSPHATE oF Baryra.—Metaphosphate of soda—prepared 
by igniting the ordinary monophosphate of soda—is dissolved in a small 
quantity of water, precipitated with excess of chloride of barium, and 
the abundant gelatinous precipitate well washed and dried. The trans- 
parent brittle mass obtained in the first instance, evolves water at a red 
heat, and undergoes partial fusion. After ignition it is dissolved with 
difficulty by nitric acid, and is insoluble in hot water; but after being 
boiled in water for some hours, it begins to dissolve, and continues to do 
so with increasing facility—the solution containing ordinary monophos- 
phate of baryta, and giving a yellow precipitate with solution of silver. 
(Graham, Pogg, 32, 68.) Water holding sal-ammoniac in solution does 
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not dissolve it. Maddrell prepared this salt by dissolving carbonate of @ 
baryta in dilute phosphoric acid, evaporating to dryness, and heating the 
residue to a temperature of 316°. . et: ; 


Graham. Maddrell. 
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BaO, aPO%........ 148'0 ., 10000 .. 100-00 ....,100°00 ... , 100-00 


The salt a examined by Graham was obtained by precipitating with a . 
large excess of chloride of barium; the salt 0, by using a smaller quantity — 
of the chloride; in this case the liquid remained acid. 


@ The salt is obtained in oblique rhombic prisms containing 2 atoms 


of water, by adding a solution of 1 part of the soda-salt in 10 or 15 parts 


of water to a nearly saturated solution of 2 or 3 parts of chloride of 
barium—filtering from the precipitate formed at first—and allowing the 
clear. liquid to stand quietly for some time. (Fleitmann & Henneberg, 

Ann. Pharm. 65, 304.) { a 


BARIUM AND SULPHUR. 


A. MoNosuLPHIDE OF Bartum.—Formerly called sulphuret of baryta. 


A. Sulphuretted hydrogen is passed over baryta heated in a tube “as long 


as water is formed. (Berzelius.)—2. Powdered sulphate of baryta 1s 
easily reduced by hydrogen gas, at a red heat. (Pagenstecher, V. 77. 3, 
1, 291.)—3. Sulphate of baryta is heated to redness with charcoal. ¢ 


BaO, SO? +. 4C = BaS + 4CO. 


Whether a bright or a low red heat is applied, the aqueous solution 
of the sulphide of barium exhibits a pale yellow, colour, and gives with 
acids a slight precipitate of sulphur, about the same in quantity in both 
eases. (H. Rose, Pogg. 55,587.) Most of the sulphate of baryta 1s reduced 
by this method to monosulphide of barium ; but a small portion of poly- 
sulphide [ter ?] and caustic baryta is produced, © eens. i 


3(BaQ, $O%) — 100 = 2BaO + Ba’. 


a. 100 parts of sulphate of baryta exposed to a strong white heat in & 
charcoal crucible yield 72 parts of sulphide of barium. (Berthier, Ann. 
Chim. Phys. 22, 231.)—b. In order to obtain other baryta compounds 
from the native sulphate, it is exposed to a full red heat with about one- 
fourth its weight of charcoal. As the mixture does not fuse, the heavy- 
spar must be finely pulverized and thoroughly incorporated with the char- 
coal; an addition of resin, oil, starch, &c., which promotes the close con- 
tact of the atoms, is of service”. ‘8 

a. The mixture is ignited in a covered crucible of clay, or better, of 
cast-iron. The heat is continued for several hours till aitchte oxide no 
longer escapes from the mass. In operating on large quantities a potters 
or tile furnace may be used. Berzelius recommends a mixture of 8 parts 01 
heayy-spar, 1 part of charcoal, 2 parts of resin, and 2 parts of rye-meal. — 


* A very good method is to heat the heavy-spar with one-third of its weight | 


bituminous coal,—[,W.] 4 
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8. A mixture of 1 part of powdered heavy-spar and 1 pt. of charcoal 
—r better, the soot from pit-coal—is formed into sticks by means of a 
paste. made with 1 pt. of starch. When the sticks are dry, a furnace 
is filled a foot high with burning charcoal; the sticks placed on it 
together with fresh fuel ; the whole covered with more burning char-— 
coal; and, as soon as the furnace is thoroughly red hot, the fire is covered 
over with ashes and bricks, and the furnace closed. .The sticks, when 
cold, are found tobe converted into sulphide of barium. (Liebig, Ann, 
Pharm, 35, 115.) _ Otto (Ann. Pharm. 26, 92) surrounds the sticks with 
paper. A suitable furnace for the purpose is described by Anthon. (J, 
pr. Chem. 8, 406.) ~ 


y. To fuse the mass, and thereby bring about a readier decomposition 
of the sulphate of baryta, a potash or soda compound may be added to 
the mixture of heavy-spar and charcoal, which is to be heated to redness 
in the crucible. This addition occasions no inconvenience, if the object in 
view is tu precipitate carbonate of baryta from the sulphide by means of 
carbonate of soda; but if other salts of baryta are to be prepared by 
addition of hydrochloric acid, &c., repeated crystallizations are required 
to remove the potash or soda salt mixed with the solution. Bucholz 
(A. Gehl. 1, 810) ignites 4 parts of heavy-spar with 2 (or better, 1) part 
of charcoal, and 1 part of common salt, * Duflos (Br. Arch. 86, 275) uses 
12 parts of heavy-spar with 3 parts of dry sulphate of soda, and 2 (or 
better, 3) parts of charcoal. The sulphide of barium obtained by either 
of these methods is dissolved in boiling water and filtered from undecom- 
posed heavy-spar, charcoal, sulphide of iron, and other impurities, before 
adding the acid to form any particular salt. When powdered sulphate of 
baryta free from iron is ignited with a small quantity of carbonaceous 
matter, the Bolognian phosphorus is obtained (I.,; 193): this substance 
may be regarded as a mixture of sulphide of barium and undecomposed 
sulphate of baryta. 

Sulphide of barium prepared according to method 3, a, is white and 
grey in some places, cohering loosely, and of a crystalline granular form. 
(Berthier.) That obtained from heavy-spar, according to method 3, b, a 
and 8, is yellowish, or flesh-coloured, probably from the presence of sul- 
phide of iron. . 


Calculation. 
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The sulphide of barium obtained by the third method, a, is scarcely 
altered by roasting, and detonates imperfectly with chlorate of potash, but 
perfectly with nitre. (Berthier.) When vapour of water is passed over 
sulphide of barium at a red heat, hydrogen gas is evolved, and sulphate 
of baryta formed. (Regnault, Ann. Chim. Phys. 62, 386.) It evolves— 
sulphuretted hydrogen abundantly when decomposed by hydrated acids, ' 


useful, therefore, to strew this substance on the floor of the apartments of 
imyalids to whom the inhalation of sulphuretted hydrogen is of service. 
With water, monosulphide of barium forms baryta and double sul- 
phide of hydrogen and barium: 
L 2 
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2BaS + HO = BaO + BaS, HS; 


or baryta and bihydrosulphate of baryta : 
2BaS + 2HO = BaO + BaO, 2HS. 


This result is deduced from the following experiments of H. Rose (Pogg. 
55, 415): If sulphide of barium, prepared from sulphate of baryta 
and excess of charcoal at a white heat, is treated nine times in succession 
with a quantity of cold water less than sufficient to dissolve the whole, the 
mass being digested for 24 hours each time in a close vessel, the first two 


solutions are pale yellow, and when treated with hydrochloric acid, evolve 


large quantities of hydrosulphuric acid, together with a precipitate of sul- 
phur; they also evolve abundance of hydrosulphuric acid, when treated 


with sulphate of manganous oxide. They therefore contain double sulphide | 


of hydrogen and barium (bihydrosulphate of baryta) together with a 
polysulphide of barium. The third quantity behaves as a solution of 
monosulphide of barium (simple hydrosulphate of baryta) containing a 
slight excess of hydrosulphuric acid. The fourth is of the same character, 
but contains a slight excess of baryta. This excess goes on continually 
increasing in the fifth, sixth, and seventh solutions; and the eighth and 


last behave like pure baryta-water. A solution of sulphide of barium in 


not too large a quantity of boiling water, kept for some years in a stop- 
pered bottle, deposits, first crystals of baryta, then scales (w) which are a 
mixture of crystallized baryta and hydrated monosulphide of barium; and 


afterwards double six-sided pyramids (8) containing the same ingredients, ° 


but much richer in sulphide of barium. The mother-liquor boiled down 
still further in a retort, evolves a continuous current of hydrosulphurie 
acid gas, and on cooling deposits hydrated sulphide of barium in the 


form of a white powder (a, 6, c), while double sulphide of hydrogen and ~ 


barium remains in solution. {H. Rose, Pogg. 55, 415.) 


Hydrated Monosulphide of Barium, or Mono-hydrosulphate of Laryta. 
—White powder, becoming yellow spontaneously when kept -in close 
_ vessels. When treated at once with a quantity of water sufficient to 
dissolve it perfectly, it yields a solution which does not evolve hydrosul- 
phuric acid when mixed with sulphate of manganous oxide; but an insuf- 


ficient quantity of water extracts double sulphide of hydrogen and ° 


barium and leaves baryta undissolved. (H. Rose.) 


H. Rose. 
ce 
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The three specimens examined by H. Rose were mixed with different | 


quantities of hydrated baryta. 


Mixtures of Hydrated Sulphide of Barium with Hydrated Baryta. 


a. Scaly crystals. About: 4 (BaO,10HO) + 3 (BaS,6HO). When — gz 


dissolved in hot water, they yield crystals of pure baryta on cooling. 

B. Double six-sided pyramids. BaO,10HO + 8 (BaS,6HO). Large, 
transparent and colourless crystals, deeply truncated, so as to form six- 
sided tables, (ig. 133, H. Rose.) 


"7 ae 
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Calculation. H. Rose. Calculation. H. Rose 
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B. Hypratrep Surpuipr or Hyprocgen AND Barium, or Binypro- 
SULPHATE OF Baryra. 1. Baryta-water or monosulphide of barium 
reduced to a paste with water and warmed, is saturated with hydro- 
sulphuric acid. The solution evaporated out of contact of air, and cooled, 
yields crystals of baryta and yellow prisms. The remaining liquid is 
either evaporated in vacuo, whereby white opaque prisms are obtained ; 
or it is mixed with alcohol; filtered from the hyposulphite of baryta and 
sulphur, produced by air contained in the alcohol; and cooled down to 
— 10°: in this manner, colourless and transparent four-sided prisms are pro- 
duced.—2, Also when baryta or any of its hydrated compounds is allowed 
to crystallize, together with sulphide of barium, from an aqueous solution 
of monosulphide of barium, by evaporation in a retort and cooling, and 
the residual liquid (which is of a yellowish colour, from the air not being 
perfectly excluded) further evaporated and cooled, a crystalline mass of 
double sulphide of hydrogen and barium is obtained. (H. Rose.) The 
crystals contain water, which they lose when heated, becoming white at 
the same time. When exposed to the air, they effloresce and turn white, 
while hyposulphite and sulphate of baryta are formed. In a retort, they 
lose their water of crystallization without fusing, and then evolve hydro- 
sulphuric acid as the temperature approaches redness, leaving dark yellow 
monosulphide of bariuin, which becomes white asit cools. An aqueous so- 
lution precipitates chloride of manganese with evolution of hydrosulphuriec 
acid gas. (Berzelius, Pogg. 6, 441.) The salt, when boiled, evolves 
hydrosulphurie acid. With iodine, it forms iodide of barium and free 
hydriodic acid, sulphur being set free. It is insoluble in alcohol. 
(H. Rose.) 


C. Trersutpnive or Barium.—If 8 parts of baryta are ignited with 6 
parts of sulphur, 1°78 parts of sulphur are volatilized, and a baryta liver 
of sulphur remains, from which water dissolves sulphide of barium, 
leaving behind 2°8 parts of sulphate of baryta, (Vauquelin, Ann. Chim. 
Phys. 6, 10.) [8:6 —1:'78 = 76,6: 40°4; so that 1 atom of baryta is 
united with 24 atoms of sulphur, or 4 atoms of baryta with 10 atoms of 
sulphur. | 

4BaO + 10S = 3BaS3 + BaO, SO3, 


If moistened tersulphide of barium is heated, or vapour of water passed 
over the ignited compound, hydrosulphuric acid is obtained [and sulphate 
of baryta?]. (Gay-Lussac, Anz. Chim. Phys. 40, 304.) 


D. Hydrated Pentasulphide of Barium or Hydrosulphite of Ba- 
ryta.—Prepared by boiling an aqueous solution of sulphide of barium (or 
double sulphide of hydrogen and barium, which then evolves sulphuretted 
hydrogen; H. Rose) with sulphur. Also by boiling baryta-water with 
sulphur; but in this case hyposulphite of baryta is produced at the same 
time. (Berzelius.) It forms a yellow, bitter, alkaline and caustic liquid, 
which, when evaporated in vacuo, leaves a pale yellow amorphous mass, 
aud is decomposed in the air, with deposition of sulphur and formation of . 
hyposulphite of baryta. 
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-E. HyposvLpuHite or Baryta.—Crystallizes gradually in needles from 
a solution of sulphide of barium exposed to the air; it is slightly soluble 
in water. The crystals heated in a retort evolve water, hydrosulphuric 
acid, and sulphur, leaving a mixture of sulphide of barium and sulphate 
of baryta. (H. Rose, Pogg. 21, 437.) At a temperature of 200° in 
vacuo over oil of vitriol, they lose very little water; but at 170° they lose 
6:14 per cent. The residue gradually heated to redness in a retort, 
still yields a small quantity of water, together with sulphur (but neither 
sulphuretted hydrogen nor sulphurous acid), and cakes together in a 
yellowish-white mass, consisting of sulphate and sulphite of baryta 
together with sulphide of barium, (Rammelsberg, Pogg. 56, 300.) 


Crystallized. H. Rose. 
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¢ KF, PENTATHIONATE OF BarytTa.—Ba0O, S°O*® + HO.—Soluble in 
water. Lenoir obtained definite crystals by mixing an aqueous solution 
with strong alcohol. Transparent silky prisms, which change within the 
liquid to large, well defined crystals. T 


G. TrrRATHIONATE oF BARryTA.—Ba0O, St0*.—When hyposulphite of 
baryta is diffused through water and iodine added to the liquid, the hyposul- 
phite is dissolved till the quantity of tetrathionate of baryta formed in- 
creases to such an extent that it separates in flakes, and at length renders the 
liquid thick. Strong alcohol takes up the iodide of barium together with 
the excess of iodine from the semi-fluid mass. The tetrathionate of baryta 
remaining in the form of powder yields, by the spontaneous evaporation 
of its aqueous solution, or on the ‘addition of alcohol to that solution, 
beautiful hydrated crystals. These are decomposed by heat, yielding 
water, sulphur, and sulphurous acid, with a residue of sulphate of baryta. 
If the acid of the salt be converted into sulphuric acid by passing a stream 
of chlorine gas through its aqueous solution, the precipitate of sulphate of 
baryta so formed amounts to one-third as much as that produced by adding 


nitrate of baryta to the filtered solution, (Fordos & Gélis, Compt. Rendues, 
15, 920.) | 


; H. Trirm10onate or BARYTA.—Ba0O, $°0° + 2HO.—1. Free trithionic 
acid gives, with baryta-water, a precipitate soluble in a large quantity of 
water or in nitric acid, (Langlois.) % 2. Obtained in brilliant plates 
by adding alcohol to a solution of carbonate of baryta in the acid. The 


salt is readily decomposed, with separation of sulphate of baryta. (Kessler, 
Pogg. 74, 249.) 


_ I. SuLPHITE oF Baryta.—Formed by passing sulphurous acid gas 
into water in which carbonate of baryta is diffused; or by precipita~ 
ting chloride of barium with sulphite of soda. It falls down in fine 
tasteless needles, and crystallizes from a solution in aqueous sulphurous 
acid on evaporation, in hard transparent tetrahedrons with truncated sum- 
mits, (fig. 14.) Scarcely soluble in water. (Fourcroy & Vauquelin, 
Ann. Chim. 24, 801.) ‘I It may be obtained in six-sided prisms by 
gently heating a solution of baryta in sulphurous acid water and leaving 
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it at rest for some days. The crystals contain a small quantity of water 
mechanically combined; they decrepitate when gently heated. (Mus- 
pratt.) VT 


Fourcroy & 
Calculation. Berzelius. Vauquelin, Muspratt. 
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K. HyposutpHatE oF Baryta.—Hyposulphate of manganous oxide 
is decomposed by baryta-water (II., 174), or by aqueous solution of 
sulphide of barium in equivalent proportion—then filtered and evapo- 
rated, The salt crystallizes at high temperatures with 2 atoms, and 
at a lower temperature, never exceeding 5°, with 4 atoms of water. 


a. With 2 atoms of water.—Shining, four-sided prisms, terminated 
with several faces (Gay-Lussac & Welter), and apparently belonging to 
the oblique prismatic system. (Heeren.) ‘Taste bitter, and somewhat 
rough. The crystals are permanent in the air; decrepitate strongly 
when heated; and at moderately high temperatures, evolve 29-903 per 
cent. of water together with sulphurous acid, while 70-097 per cent. of 
sulphate of baryta remains behind. (Welter & Gay-Lussac.) At 8-14° 
it dissolves in 7:17 parts of water (Gay-Lussac), at 18° in 4°04 parts, 
and at 100° in 1*1 parts of water. Insoluble in alcohol. (Heeren.) | 


Welter & 
Calculation. Gay-Lussac. Heeren. 
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“0 9 SUS A ear 2 eet ry fee: Mee a Pht 9 Cae: ee 43°31 
LEO SR lee 16 aes 10° Sura... 1ihBG ss 10°76 
BaO, 820° + 2Aq. ......., 166:6.-<. $0010 cs LODAGG : eae 100°00 


B. With 4 atoms of Water.—Large crystals belonging to the right 
prismatic system (/%g. 44); w: uw = 102° and 78°; aora:uorw = 
145°. (Heeren.) w:u= 101° 30, and 78° 30'; a: uw = 145°; cleay- 
age parallel to u. (Walchner, Schw, 47, 245.) It effloresces rapidly, 
losing half its water; does not fuse when heated; but is converted, without 
change of form, into 63°79 per cent. of sulphate of baryta. (Heeren, 


Pogg. 7, 172.) 


Calculation. Heeren. 
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L. SunpHate oF Baryta.—a. Monosulphate.—Found native as 
Heavy-spar : sometimes formed from Witherite or Baryto-calcite, which 
has gradually been converted from without inwards into sulphate of 
baryta. (Haidinger, Pogg. 11, 376.) Vapour of anhydrous sulphuric 
acid passed over heated baryta is absorbed, the temperature of the baryta 
rising to vivid incandescence. (Bussy, J. Pharm. 10, 870.) Baryta rises 
to bright incandescence in contact with anhydrous sulphuric acid, fused at 
25° (Kuhlmann); it also becomes red-hot when mixed with oil of vitriol 
(Barry, Ann. Phil. 18, 77); only, however, when the oil of yitriol consists 
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of one atom of acid with a little more or a little less than one atom of 
water. (Kuhlmann.) Oil of vitriol of specific gravity 1°848, which contains 
exactly one atom of water, does not combine with baryta at Oe 
temperatures; but if the baryta, when moistened with the oil of vitriol, 
be touched at any point with a hot iron, or a wet glass rod, combination 
immediately commences at that point, and is propagated throughout the 
mass: the same occurs on exposure to moist air. The same oil of vitriol 
previously mixed with a small quantity of water and cooled, immediately 
unites with the baryta with incandescence: if the water is in larger propor- 
tion, the latter effect docs not take place. With baryta which has absorbed 
water from the air, pure oil of vitriol behaves as above. Even when the 
acid is mixed with a quantity of water sufficient to make it combine with 
the baryta, it remains without action on that substance, if previously 
mixed with alcohol, ether, or wood spirit. (Kuhlmann, Ann. Pharm. 27, 
22.) Sulphuric acid and its salts precipitate sulphate of baryta from the 
aqueous solutions of all baryta-salts. . The crystalline system of heavy-spar 
is the right prismatic (Fig. 49, 61, and many other forms); w* : « = 101° 
321’; p : 4 = 127° 5‘, and so on; planes of cleavage parallel to p, w' and w, 
(Hauy.) ‘The artificial sulphate has the form of a white powder. 
Specific gravity of the native sulphate = 4:446. (Mohs.) Fuses, accord- 
ing to Saussure, at 35° Wedgwood to a white enamel. Tasteless, and 
not poisonous. 


Calculation. Fourcroy. Berzelius. Klaproth. Kirwan. 
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Withering. Bucholz.~ Desorm. Richter. Thénard. Chenevix. 
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By ignition with charcoal it is converted into sulphide of barium, with 
evolution of carbonic oxide and hydrogen gases; by ignition with bisulphide 

_ of carbon, into sulphide of barium and carbonate of baryta; by fusion, or 
less perfectly, by boiling with carbonate of potash or soda, into carbonate 
of baryta; but the decomposition is only partial: in the cold, the effect is 
reversed. (Vid. Klaproth, Beitrdige 2, 70 and 73,—Dulong, Ann. Chim. 
82, 273,—Phillips, Schw. 25, 290,—Kélreuter, Mag. Pharm. 8, 181.)— 
According to John (Schw, 14, 412), it is completely decomposed when 
boiled down with a solution of potash and then fused, yielding baryta 
and sulphate of potash. Fused with chloride of calcium, it forms 
chloride of barium and sulphate of lime (Sch. 52); whereas chloride 
of barium and sulphate of lime in solution, form chloride of calcium 
and sulphate of baryta. Sulphate of baryta requires 43,000 parts 
of cold water for solution; it is not much more soluble in hot or acidu- 
lated water. Neither is it perceptibly soluble in water containing sal- 
ammoniac or common salt. (Brett, Wittstein, Wackenroder.) When 
baryta is precipitated from an aqueous solution by sulphuric acid or a 
sulphate, the sulphate of baryta often carries down with it other sub- 
stances contained in the liquid; and these substances cannot be totally sepa- 
rated by washing. If the solution contains nitrate of soda, the precipitate, 
after being completely washed, still retains 2 per cent, of this salt; this, how~ 
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ever, is decomposed by exposure -to a red heat, after which the soda may 
be dissolved out by water; nitrate of baryta also (but not the chloride) 
is carried down in considerable quantity with the sulphate, but can be 
separated by washing with water. (Mitscherlich, Pogg. 55, 21 4.) Chlo- 
ride of magnesium also, as well as the oxides of iron, cobalt, copper, &e. 
mix with the sulphate of baryta thrown down by mixing sulphate of 
magnesia, &c. with chloride of barium. (Berzelius, Ann. Chim. Phys. 14, 
374.) Sulphate of baryta may be fused with chloride of sodium or chlo- 
ride of barium. (Berthier.) 


b. Acid Sulphate.—The neutral salt dissolves in oil of vitriol; groups 
of needles crystallize from the solution. Water decomposes them into 
simple sulphate of baryta which falls to the bottom, and dilute sulphuric 
acid, Se 


M. Suipuipe or Carson anv Barium and Hypro-suLPHOCARBONATE 
or Baryra.—Crystallized monohydrosulphate of baryta rapidly combines | 
with bisulphide of carbon, producing a lemon-yellow unerystallizable salt. 
This is dissolved with difficulty by water, forming a liquid of a brownish- 
yellow colour, which, when mixed with more water (probably from the 
air it contains), passes into red. Thesolution evaporated in vacuo leayes 
small, pale-yellow, transparent crystals. A drop of water suffered to fall 
on these crystals produces after some minutes a red colour, which, however, 
on drying, again changes toa pale yellow. (Berzelius.) 


BARIUM AND SELENIUM. 


A, SELENIDE oF Barium.—Formed by exposing seleniate of baryta 
at a red heat to a current of hydrogen gas, Soluble in water. (Ber- 
zelius. ) 


B, Hyproseenire or Baryra.—Hydroselenite of potash produces 
with baryta-salts a flesh-coloured precipitate, from which acids separate 
selenium; but no selenium is evolved at a red heat. (Berzelius.) 


C. Serenire or Baryra.—a., Monoselenite. Selenious acid pro- 
duces no precipitate with solutions of baryta, which at once distinguishes 
it from sulphurous acid. (Muspratt.)—Prepared by precipitating chloride 
of barium with simple selenite of potash. White powder, which seems 
to contain no water, does not turn reddened litmus blue. Infusible at 
the melting point of glass. Insoluble in water, but dissolved by selenious, 
hydrochloric, and nitric acids. (Berzelius.)— When neutral selenite of 
potash is added to nitrate of baryta, decomposition takes place, and sele- 
nite of baryta is deposited in delicate, shining, plumose crystals. (Mus- 
pratt.) 7 

b. Biselenite.—Prepared by dissolving carbonate of baryta in aqueous 
selenious acid. If the liquid contains no excess of acid, it yields on 
spontaneous evaporation an opaque, white, granular mass of crystals; but 
if the quantity of acid is somewhat greater than 2 atoms, rounded grains 
of concentric, fibrous texture are formed on evaporation. Water dissolves 
the salt with difficulty; nevertheless the solution deposits it but slowly on 
evaporation. Ammonia precipitates the salt a from the liquid. (Berze- 
lius.) At high temperatures it evolves water and white fumes of 
selenious acid. (Muspratt.) r 
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Salt a. Berzelius. 
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D. Seventate or Baryta.—At a low red heat, at which the sulphate 
remains unchanged, this salt is reduced by hydrogen gas to selenide of 
barium, often with incandescence} the mass remains unchanged in ap- 
pearance.—Imperfectly decomposed by sulphuric acid. It is as little 
soluble in water as the sulphate of baryta. (Berzelius, Pogg. 32, 11.) 


BARIUM AND IODINE. 


A. Toptpn or Bartum.—Formed when hydriodic acid gas is passed 
over baryta at a red heat, the combination being attended with emission 
of light. Monosulphide of barium dissolved in water is mixed with a 


cod 


saturated alcoholic solution of iodine [iodine without the alcohol might be. 


preferable], as long as a precipitate of sulphur is formed; the colourless _ 


filtrate is boiled rapidly—so as to prevent the action of the air—almost 
to dryness; the mass dissolved in a small quantity of water; filtered 
quickly; and the filtrate evaporated to dryness in as short a space of 
time as possible in a glass flask. (O. Henry.) White; infusible (Gay- 
Lussac); greyish-white, consisting of needles. (Henry.) Heated out of 
contact of air, it is not decomposed; but when the air is admitted, the 
salt is converted into baryta and vapour of iodine. (Gay-Lussac.) | 


Calculation. O. Henry. 
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Iodide of barium dissolves very readily in water, but does not deli- 
quesce in the air. (Gay-Lussac. ) It is very deliquescent. (O. Henry.) 
The aqueous solution yields on evaporation and subsequent cooling very 
fine needles of hydrated iodide of barium or hydriodate of baryta. When 
exposed to the air it is converted into hydriodite of baryta with precipi- 
tation of carbonate of baryta. (Gay-Lussac.) Lodide of barium is also 
easily dissolved by alcohol. (0. Henry.) ; 

According to Gay-Lussac, iodide of baryta is formed when vapour 
of iodine is passed over baryta at a red heat. 


B. Ioparr oF Baryra.—1. Precipitated when iodine is dissolved 
in baryta-water, iodide of barium remaining in solution. (Gay-Lussac. ) 
2. Aqueous solution of terchloride of iodine is saturated with carbonate 
of baryta [or baryta-water], and the precipitate well washed. (Gro- 
sourdy, J. Chim. Med. 9, 428.) 3. A concentrated solution of chloride 
of barium is precipitated by a solution of iodate of soda, (Rammelsberg. ) 
The insoluble salt is washed with cold water. In combination with 
water of crystallization it forms a white granular powder. (Gay-Lussac,). 
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Separates in small crystals from solution in hot nitric acid, on cool- 
ing or on the addition .of ammonia. (Rammelsberg.) The water of 
crystallization escapes at a temperature below 200°. Heated more 
strongly in a porcelain retort, vapour of iodine and oxygen gas are 
evolved, and a residue is obtained, consisting of 46°973 per cent. of 4 
periodate of baryta. (Rammelsberg.) ' 


5(BaO, 10°) = 5BaO, 107 + 41 + 180. 


It does not detonate on red-hot charcoal, but sometimes exhibits phos- 
phorescence. (Gay-Lussac.) Hydrochloric acid dissolves it readily, even 
in the cold, the liquid assuming a dark yellow colour, (probably arising 
from the formation of a double chloride of iodine and barium, Fithol,) and 
evolving chlorine. It dissolves with difficulty in warm nitric acid. 
(Rammelsberg.) It is soluble in 3°333 parts of water at 18°, and in 625 
parts of boiling water. (Gay-Lussac.) Dissolyes in 1746 parts of water, 
at 15°, and in 600 parts of boiling water. (Rammelsberg.) 


Anhydrous 
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C. Pertopate or BARyta.—When a mixture of iodide of barium 
and peroxide of barium is exposed to a low red heat, a considerable quan- 
tity of periodate of baryta is formed, (Rammelsberg.)—a, One-fifth periodate. 
—Remains after heating the iodate of baryta to redness. It is freed from 
the iodide of barium sometimes present, but never exceeding one per 
cent., by washing with water. Heated in a current of hydrogen gas, it 
becomes strongly ignited, emitting a greenish light and fusing, and is 
resolved into water, iodide of barium, and free baryta; part, however, 
remains undecomposed, even after long continued ignition. Soluble in 
nitric acid, but not in water. (Rammelsberg.) 


Calculation. Or: Calculation. Rammelsberg. 
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b. Pwo-fifths periodate.—1, Formed by precipitating nitrate of baryta 
with monoperiodate of soda. The supernatant liquid becomes acid. 
(Benckiser, Ann. Pharm, 17, 254.)—2. By mixing a salt of baryta 
with diperiodate of soda dissolved in nitric acid, and precipitating. 
the solution by ammonia. —3. By precipitating the solution of a 
in nitric acid by ammonia. Yellowish precipitate containing water, 
which is expelled at a temperature of 150°. Converted, for the 
most part, even below 100°, into iodate of baryta. (Rammelsberg, 
Pogg. 44, 572.) Not soluble in water, but easily soluble in weak nitric 
acid. (Benckiser.) 
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Anhydrous 
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BARIUM AND BROMINE. 


A. Brome: or Bartum.—Formed by neutralizing aqueous hydro- 
bromic acid with baryta-water or carbonate of baryta (Balard); or by 
decomposing sulphide of barium dissolved in water with hydrobromic 
acid (Léwig), evaporating the solution to dryness, and igniting the 
residue. 

- Bromide of barium dissolves easily in water, and gives, on evaporation 
and subsequent cooling, crystals of bihydrated bromide of barvum, or 
mono-hydrated hydrobromate of baryta. They are transparent, colourless, 
rhombic tables, isomorphous with those of chloride of barium, and per- 
manent in the air; their edges are replaced by the faces of a rhombic _ 
octohedron. (Rammelsberg, Pogg. 55, 237.) Slender needles united in 
opaque, warty masses, fusing when heated. (Balard.) Tastes like chloride 
of barium, but rougher. Carbonic acid passed through an aqueous solution 
[containing air?] colours it yellow, from formation of hydrobromite of 
baryta, carbonate of baryta being precipitated. (Lowig.) Bromide of 
barium dissolves readily in.absolute alcohol, in which the chloride 
is insoluble. (Hiinefeld, Piria, J. Chem. Med. 14, 65.) In this way, 
bromine may be separated from chlorine. (O. Henry, J. Pharm, 28, 214.) 


Anhydrous. 
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B. Hyporromire or Baryta?—By dissolving a small quantity of © 
bromine in baryta-water, a colourless liquid is obtained which deposits 
but little bromate of baryta, and when evaporated in vacuo, deposits yel- 
low crystalline scales, which heat bibulous paper on which they are placed 
to dry, to such a degree that it takes fire. The liquid soon loses its 
bleaching properties when exposed to light or heat, also on the addition of 
an.excess of bromine, which produces an abundant precipitate of bromate 
of baryta. (Balard.) 


C. BromaTE oF BAryta.—l. Formed by mixing baryta-water with 
excess of bromine. Bromate of baryta falls down, bromide of barium 
remaining dissolved. (Léwig.) 2. By mixing baryta-water with chloride 
of bromine. (Balard.) 38. By precipitating chloride of barium dissolved. 
ina small- quantity of water, by a solution of bromate of potash. 
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(Léwig.) 100 parts of bromate of potash are dissolved in one portion of 
boiling water and 74 parts of crystallized chloride of barium or 160 parts 
of anhydrous acetate of baryta (which is to be preferred on account of the 
ease with which the acetate of potash can be washed out), in another por- 
tion, and the two solutions are mixed. (Rammelsberg.)—Needles (Balard); 
rectangular prisms, with truncated edges. (Rammelsberg.) The crystals 
do not lose all their water till they are heated above 200°. When more 
strongly heated, the residue is at once resolved, with violent escape of gas 
and formation of flame, into oxygen gas and bromide of barium, without 
previous formation of a perbromate of baryta. (Rammelsberg.) Deto- 
nates on ignited charcoal with a greenish-coloured flame. (Balard.) Oil 
of vitriol or hydrochloric acid decomposes it, with separation of bromine. 
Soluble in 130 parts of cold, and in 24 parts of boiling water. (Rammels- 
berg, Pogg. 52, 81 and 86.) 


Anhydrous. 
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BARIuM AND CHLORINE. 


A. CutoripE oF Barium.—Baryta heated in chlorine gas is con- 
verted into chloride of barium, with separation of a half-volume of 
oxygen gas (H. Davy); heated in hydrochloric acid gas, it is rapidly 
converted into fused chloride of barium, with evolution of heat and a 
reddish light, water being formed at the same time. (Chevreul, Azn. 
Chim. 84,285.) Baryta emits light when hydrochloric acid is dropped 
upon it in the dark. (Heinrich.) Chloride of barium is obtained in the 
anhydrous state, by heating the hydrated chloride or hydrochlorate of 
baryta to redness. 

White mass, fusing at a full red heat, and translucent after solidifica- 
tion; sp. gr. = 3'7037 (Karsten), 2:8 (Richter), 3°86 to 4:°156. (Pol. 
Boullay.) Tastes bitter, sharp, and unpleasant; excites nausea, and acts 
on the system as a strong poison. Heated by itself, it does not become 
alkaline till after fusion; but when heated in aqueous vapour it becomes 
alkaline below the melting point, and evolves hydrochloric acid. (EK. 
Kraus, Pogg. 43, 140.) By ignition with sulphur it is partly converted 
into sulphide of barium. (A. Vogel, Schw. 21, 72.) In the state of 
solution, nitrate of potash or soda decomposes it by double affinity. 
(Karsten.) It is not decomposed at ordinary temperatures by vapour of 
anhydrous sulphuric acid, (H. Rose, Pogg. 38, 120.) 
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Bi-hydrated Chloride of Barium, or “Mono-hydrated Hydrochlorate of 
Baryta.—Terra ponderosa salita.—Fused chloride of barium becomes 
opaque in the air from absorption of water; 100 parts heated to redness, 
but not fused, gain from the air in a few days 17-49 per cent. (2 At.) of 
water. (Von Bliicher.) The combination of chloride of barium with 
water is attended with rise of temperature. 

Preparation.—1. By decomposing aqueous solution of sulphide of 
barium with hydrochloric acid. A filtered solution of sulphide of barium 
(III., 147) is mixed with hydrochloric acid till the yellow colour dis- 
appears and the liquid strongly reddens litmus; it is then boiled for some 
time in a porcelain basin, to drive off all the sulphuretted hydrogen, and 
condense the sulphur—which would otherwise pass through the filter— 
then filtered, evaporated, and cooled till it erystallizes.—2. By saturating 
hydrochloric acid with carbonate of baryta, For this purpose, either the 
native carbonate or the artificially prepared carbonate is used. The latter 
is obtained either by the method already described (III., 139, 2 and 3), or 
by boiling 1 part of finely powdered heavy-spar for some hours with 14 to 
2 parts of ¢arbonate of potash dissolved im water. It is better, however, 
to fuse it with carbonate of potash. In both cases, part of the heavy-spar 
is decomposed, but by no means the whole, even when the carbonate of 
potash is used in large excess. The products are carbonate of baryta and 
sulphate of potash. ‘Thé mass is thoroughly washed with boiling water, 
which takes up the sulphate and carbonate of potash ; if cold water were 
used, the carbonate of baryta would, according to Kélreuter’s experiments, 
be again converted into sulphate. From the powder, after exhaustion 
with water, hydrochloric acid withdraws the baryta which is in union 
with carbonic acid, leaving the undecomposed sulphate behind. As the 
heavy-spar is not usually free from oxide of iron, this substance enters 
into the solution, and must be separated, either by evaporation, igni- 
tion, solution, and filtration—or by boiling the liquid with an excess 
of carbonate of baryta—or by mixing baryta-water with it.—8. Two 
parts of pounded heavy-spar are fused with 1 part of chloride of cal- 
cium; the mass, after being poured out and solidified, is powdered 
and quickly dissolved in 6 times its weight of boiling water; and 
the solution of chloride of barium rapidly filtered from the gypsum. 
(Von Driessen.) (Sch. 52.) The fusion is performed in an earthen 


crucible heated in a powerful wind-furnace. When water is added, — 


the affinities are reversed,—the chloride of barium and sulphate of 
lime being again resolved into chloride of calcium and sulphate of 
baryta; hence the solution of the chloride of barium must be filtered as 
quickly as possible from the sulphate of lime. The powdered mass should 
therefore be thrown into an iron vessel containing water already boiling, 
and the liquid immediately poured upon a filter of linen or other material 
which allows it to pass through rapidly. The filtrate always contains 
chloride of calcium, mixed with the chloride of barium; and this salt 
remains in the mother-liquor after the chloride of barium has erystal- 
lized out. The crystals of chloride of barium must be separated from 


‘it either by re-crystallization or by washing with alcohol. By the | 
improyed process of Duflos, these ditliculties are obviated (Schw. 65, 236). 
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An intimate mixture of 30 parts of finely divided heavy-spar, 18 parts of 
chloride of calcium, and 7 parts of charcoal (or, according to his more 
recent process, 4 parts of heavy-spar, 2 parts of chloride of calcium, and 
1 part of lampblack) are ignited in a crucible as long as flames of carbonic 
oxide are seen to proceed from the semi-fluid mass. It is then scraped 
out with an iron spoon, powdered fine, boiled with 10 parts of water, and 
filtered. The sulphate of lime is converted by the charcoal into sulphide 
of calcium, and thus the decomposition of the chloride of barium is 
prevented. The quantity of chloride produced this way is nearly equal 
to that of the heavy-spar used. The chloride of calcium may be dissolved 
in water and evaporated, the solution mixed with the powdered sulphate 
of baryta and lampblack; evaporated to dryness, with constant stirring, 
in an iron vessel; and the residue put into the crucible, (Duflos.) Mits- 
cherlich adds iron-filings in addition to the carbon. 

The salt is purified by re-crystallization, sometimes also by exposure 
to a red heat and treatment with alcohol. 


Impurities.—Chloride of Strontium: inasmuch as several kinds of 
heavy-spar contain small quantities of sulphate of strontia; separated by 
means of aleohol.—Chloride of Calcium: sometimes present in the heavy- 
spar, or originating from the method of preparation (in the third method, 
for instance); likewise removed by alcohol. Both chloride of strontium 
and chloride of calcium colour the flame of alcohol red; but the latter is 
precipitated from a dilute solution by oxalic acid, while the chloride 
of strontium is not.—Ohloride of aluminum and sesqui-chloride of iron: 
arising from the clay and oxide of iron mixed with the heavy-spar; most 
likely to be present in the chloride of barium ‘prepared by the second 
method; decomposed by exposure to a red heat; precipitated by baryta- 
water, or carbonate of baryta; dissolved out by alcohol.—Cyanide of 
barium [probably cyanide of iron and barium]: found in the commercial 
salt by Buchner (Repert. 41, 405); gives a blue precipitate with’ salts of 
ferric oxide. . 

Transparent, colourless tables, permanent in the air. Belonging to 
the right prismatic system; haying the form of the crystals of heavy-spar, 
only with different angles. (Figs. 51 and 52.) ul :u—= 92° 30; w:a= 
156° 20’; ps4 = 122° 40; p rit = 142; p: y = 140. (Von Kobell, 
Schw. 64, 298; also Haidinger, Hdinb. J. of Sc. 1, 101.) Sp. gre = 
3°0497. (Karsten.) Decrepitates in the fire. 


Calculation. J. Davy. Pleischl. Richter. 
Ba sbeatee Siecuevestesevabe 68°6 Was OO 20 9. Fr 82°95 
Te) Re ee a va B54 pgp BSOL tm BAS avn 
CBELO Y icdbiiiccics rie EO Oe ries OV ESB oo ak L6OS ts ee Fe 17°75 
BaCl, 2HOe 3.0 122°0  .,.. 100°00 wee L00Q:0 swe 2O0O 4.4. .100°00 
Or: , Calculation. 
BAO wih servers wadiaues 76°6. ok. 62:79 
FAG) six. csteted Qernordecatane 86:4: > ha ht SO°8S 
L750 SRR ornate 0 Ls RO 90 7°38 
BaO, HCl + Aq. .... 1220... 100°00 
Calculation. Berzelius. Aiken. Kirwan. Bucholz. . 
76°6 C279 fi OOP ROR a 6 RAT 64 OTS 
go B74 22°46) 2 Wo and © a: S29 > site 20 ike 20°26 
18:0 14 JO es Perey eh lS'60 ial SEO" ber Oe 


, 1220: -100'00. «,...'100°000> 4... 10000 .,,. 100... 100°00 
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100 parts of water at 0° dissolve 32°62 parts of chloride of barium, and 
0:2711 parts for every degree above 0°; 100 parts of water at 15°6 dis- 
solve 43°5, and at 105°5°, 78 parts of the crystallized chloride. (Gay- 
Lussac.) One part of crystallized chloride of barium dissolves at 181° | 
in 2'257 parts of water, forming a solution of specific gravity 1°2851._ 
(Karsten.) Specific gravity of a saturated solution at 8° = 1:270. (An- 
thon; vid. also Brandes & Melm, Repert. 14, 97.) Water acidulated with 
hydrochloric acid dissolves less than pure water, and concentrated aqueous _ 
“hydrochloric acid hardly any; so that a saturated solution in water is_ 
precipitated by it. Hot absolute alcohol dissolves only zi, part of the | 
 erystals, but more if it contains water. According to Friesenius (Ann. 
Pharm. 59, 117), one part of the salt dissolves in 8108 parts of alcohol of 
-99°3 per cent. at 14°, and in 4857 parts of the same alcohol at a boiling 
heat. ‘1 


B. Hyvocntorirer or Baryta?—One atom of hydrate of baryta 
absorbs one atom of chlorine gas; the compound is completely decom- 
posed by exposure for two days to an atmosphere of carbonic acid. (Grou- 
velle, dnn. Chim. Phys. 17, 40.) : 


¢ C. Cunorire or Baryra.—Caustic baryta combines slowly with 
chlorous acid, forming an easily soluble salt. The salt may be obtained 
nearly free from chloride of barium by quickly evaporating the solution 
till a film is formed on the surface, and then placing it in vacuo. If 
the solution is evaporated slowly, crystals of chlorate of baryta are first 
obtained, but the mother-liquid afterwards deposits a. considerable quan- 
tity of undecomposed chlorite. The salt undergoes decomposition at 
eee being resolyed into a mixture of chloride of barium and chlorate of 

aryta. / ! 


Caléulation. Millon. 
Ba chm oe 766 ah. Ties ya ee 55°95 
CIO 3 0 ey ees BOs 4 ees AS*G8\. eae ~~ 44°04 
OO 2 COU OO tes 99°99 


Carbonate of baryta is not decomposed by chlorous acid, 4 | 


rate ; filters, and evaporates to the crystallizing point.—2. Chlorine gas 1s ‘pai 
passed through warm water in which baryta is diffused and partly dist 
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ae _ solved, The greater part of the chloride of barium is suffered to crystal- 


lize out, and the rest is removed by adding phosphate of silver to the 
solution in the exact quantity required. The liquid ought not to become 
turbid by the addition of hydrochloric acid or nitrate of silver. (Chenevix, 
- Vauquelin.) The addition of acetic acid somewhat accelerates the action 
of the phosphate of silver on the chloride of barium; but the chlorate of 
baryta then becomes mixed witli acetate, and detonates violently when 
heated. (Vauquelin, Schw. 14, 111.) | . 

_ Transparent, colourless (rhomboidal: Wédchter), four-sided prisms, 
sometimes with oblique, sometimes with perpendicular terminal faces ; 
taste rough and acrid. (Vauquelin.)—The anhydrous’ salt evolves, when 
heated, 39 per cent. of oxygen gas, leaving chloride of barium mixed with 
free baryta. (Vauquelin.) | Kvolves water at 120°, oxygen at. 250°, and 
fuses at a temperature above 400° (Wachter, Ann. Pharm. 52, 231.) J 
Detonates powerfully with combustible bodies, and when heated with 
sulphur, gives a green flame (Duflos): when oil of vitriol is poured over 
it, a powerful flashing light is emitted. (Chenevix.) Dissolves in 4 parts of 
cold, and ina smaller quantity of hot water. (Cheneyix.) It is insoluble 
in alcohol. (Vauquelin.) 


Anhydrous. Vauquelin. Chenevix. 
8 oe WREST sana 76°6) 0 + 50889 ie. 46. ta MAR rae 
(OG el ee: Ue tee Vea Tea BD) eo Od 3s a Soe ee eee 
Ba; ClO®* © .6:3...3 15270 .... 100°00 .... 100 ,, 100 .... 100°0 


- According ‘to Cheneyix the crystals contain 10°8 per cent. of 
water. 


D. Percutorate or Baryra.—1. An aqueous solution of perchloric 
acid is saturated with baryta or its carbonate-—2. Double fluoride of 
silicium and zinc is prepared from carbonate of zine and gaseous fluoride 
of silicium, and converted into perchlorate of zinc (vd. perchlorate of 
zinc) by boiling in water with perchlorate of potash. From the solu- 
tion of this salt the oxide of zinc is precipitated by baryta-water, and the 
liquid filtered and evaporated, (O. Henry, J. Pharm. 25, 268; also Ann. 
Pharm. 81, 845.)—Long prisms.—The dried salt exposed to a red heat, 
leaves 60 per cent. of chloride of barium. It deliquesces in the air, and 
dissolves readily in water and alcohol. Paper saturated with the aqueous 
solution, then dried and set on fire, burns with a green flame. (Serullas, 


Ann. Chim. Phys. 46, 308.) 


BARIUM AND FLUORINE. 


A. Frvorwe or Barium.—Precipitated on mixing hydrofluoric acid 
with baryta-water, or the double fluoride of hydrogen and sodium with 
nitrate of baryta. (Gay-Lussac & Thénard.) Freshly precipitated car- 
bonate of baryta is digested while still moist with excess of aqueous solu- 
tion of hydrofluoric acid, and the liquid containing the uncombined. acid, 


y. 4 ‘together with a small quantity of dissolved fluoride of barium, poured off. 


 (Berzelius.) Forms a white powder; or if obtained by evaporating the 
~ aqueous solution, a fine granular crystalline crust. (Berzelius.) Unalter- 
able ata red heat. Insoluble in water, but readily soluble in hydro- 
chloric, nitric, or aqueous hydrofluoric acid. (Gay-Lussac & Thénard.) 


“O¥OL. Ill; M 


162 | | BARIUM. 


‘Slightly soluble in water: on evaporating a solution of it in hydrofluoric a 


acid, it is left behind in its original state. No heat is evolved on dissolving | 
it in aqueous hydrofluoric acid, unless it contains silica, (Berzelius, Pogg. 
1, 18.) 


Calculation. Berzelius. 
ce eee 68°6 .... 78°58 Baryta —ssescssssssressessrenssenserssenensennsap yen 87°47 
De sian 187: qe 81142 Hypothet, anhydrous hydfluor. acid 12°53 
DR ohana ne ee 
+ oh aon B7*S 2.701 00°00 100°00—. 


B. Hypratep Frvoporme or Bartum.—Carbonate of baryta is 
added in small portions to an aqueous solution of tetrahydrofluate of 
boracic acid as long as‘it is dissolved. If too much baryta were added, 
fluoride of barium would be formed and all the boracic acid set free, On 
evaporating the solution, the boracie acid which may have been present 
in excess crystallizes out first, and when the liquid has attained a syrupy 
consistence, the fluoboride of barium separates. Long rectangular four- 
sided prisms and needles, often with step-like depressions. Tastes like 
the other salts of baryta, but not acid, though it reddens litmus. Loses 
water at a temperature of 40°, efflorescing on the surface. Qn exposure 
to a red heat it loses, first liquid hydrofluate of boracic acid, then gaseous 
fluoride of boron, and leaves fluoride of barium. Alcohol decomposes it 
into an acid salt which dissolves, and a pulverulent basic salt which 
remains undissolved. It is easily soluble in water, and deliquesces in a 
moist atmosphere. (Berzelius.) ) E 


Crystallized. Berzelius. 
Balla: cavseroraes B73 Pos. 50°69 vsecaits 39°51 
BRON, motion ssrcrees 66°9 BE2BO oh ossenke 
QHO lS Lastet 18-0 LOAG Oss 10°42 


BaF, BF’, 2Aq. .... 172°2 .... 100°00 


BARIUM AND NITROGEN. 


A. Nirrite or Baryta.—l. Nitrate of baryta is heated to low red- 
ness, but not too long; otherwise a considerable quantity of free baryta 
will be formed. The residue is dissolved in water—the liquid evaporated 
to dryness—redissolyed—filtered from carbonate of baryta—and evapo- 
rated to the crystallizing point. (Hess, Pogg. 12,260.) ‘I Fischer (Pogg.77, 
115) dissolves the residue in water, precipitates free baryta by a current 
of carbonic acid, and nitrate of baryta by the addition of alcohol; on cool- 
ing, the whole of the nitrate separates. I—2. Baryta-water is saturated 
with the vapour evolved by heating fuming nitric acid—evaporated—the 
dry mass exhausted with a small quantity of water, which leaves the 
nitrate of baryta behind, and the liquid evaporated. (Fritzsche, Pogg. 19, 
179.) It crystallizes like nitrate of baryta. (Hess. ) Crystallizes in slender 
needles, in six-sided regular prisms, or in dense prisms belonging to the 
regular system. (Fischer.) The crystals are permanent in the air (Mits- 
cherlich), and soluble in dilute alcohol. (Fischer.) 


Crystallized. Hess. 
je TS eR 76°6 i. PT ee 61°52 
pis bch NN ie ee 360... « “S0R74 y 
PAOD We Nibastted i, nabys OD*:.:.. 7°29 


BaO, NO? + Aq. 123°6 .... 100°00 
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_ Hess regards these crystals as a bihydrated compound of nitric oxide: 
and baryta = BaO,NO?+ Aq. He finds that the water cannot be expelled 
by merely heating the crystals. 


B. Nrrrate or Baryta.—Baryta moistened with nitric acid emits 
light visible in the dark. (Heinrich.) 

Preparation. Similar to that of the chloride. (III. 158.) If the nitric 
acid be sufficiently dilute, and added gradually, stirring all the while, it 
suffers no decomposition by contact with the aqueous solution of sulphide 
of barium, or by the action of the nascent sulphuretted hydrogen. Mohr 
(Ann. Pharm. 25, 290) mixes a hot filtered solution of sulphide of barium 
with a concentrated solution of nitrate of soda; on cooling, nearly all the 
nitrate of baryta crystallizes out, and may be freed from adhering sulphide 
of sodium by washing with cold water and recrystallization. According 
to Wittstein, however (fepert. 66, 69), the sulphide of barium obtained 
from 10 parts of heavy-spar and 2 parts of charcoal, is but very imper- 
fectly decomposed when mixed with 7 parts of Chili saltpetre ; the crys- 
tals which appear on cooling contain but a small quantity of nitrate of 
baryta, and consist for the most part of sulphide of barium [baryta?], still 
requiring to be decomposed by nitric acid. Duflos adds to a solution of 
4 parts of crystallized chloride of barium in 8 parts of hot water, a hot 
solution of 3 parts of Chili saltpetre in 3 parts of water—allows the mix- 
ture to cool, stirring all the while—drains the crystals—washes them by a 
stream of cold water—and purifies them by recrystallization.—[These 
niceties, however, are unnecessary.| Translucent white octohedrons and 
cubic octohedrons permanent in the air (fig. 2 and 4); of specific gravity 
3°1848 (Karsten); and hayinga sharp, rough taste. The salt decrepitates 
in the fire, and fuses at a low temperature. Atared heat it evolves oxygen 
and nitrogen gases, and yapours of hyponitric acid, leaving pure baryta. 
Detonates but slightly with combustible bodies, and with a yellowish 
white light on ignited charcoal. Water dissolves it with slight reduc- 
tion of temperature, One part of the salt at 0° requires 20 parts; at 15°, 
12°5; at 49°, 5:9; at 86°, 3°4; and at 101°6°, 2°8 parts of water for solu- 
tion, (Gay-Lussac.) It dissolves at 20° in 11°66 parts of water, yielding 
a liquid of specific gravity 1:0678. (Karsten.) In water containing nitric 
acid the nitrate of baryta is much less soluble than in pure water, and in 
concentrated nitric acid it does not dissolve at all; it is therefore precipi- 
tated from an aqueous solution by nitric acid, and carbonate of baryta-is 
not attacked by this acid ina concentrated form. (Mitscherlich, Pogg. 18, 
159.) Insoluble in alcohol. 


Aer, Clem. & 
Crystallized. Berzelius. Desormes, Richter, 
1 pay SARE Rae 706 >...” .68°6 » 58°4 Me 60 , 61:3 
tt i. ns O50. © ..1 47°4 ete 41°6 Bie 40 Was 38°7 
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C. Carbonate oF Baryta AND AmMontaA?—Aqueous ammonia, a 
small portion of which is combined with carbonic acid, is not rendered 
turbid by baryta-water or chloride of barium, except when heated, or 
when left to stand for many days; so likewise chloride of barium is not 
completely precipitated by carbonate of ammonia in the cold. In all these 
cases, the carbonic acid is completely precipitated in combination with the 
baryta, on the application of heat. (A. Vogel, Ann. Chim. 89, 181; and 
Schw. 33, 204.) s 
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BARIUM AND POTASSIUM. 


A. Carnonate or Banyra and Potasn.—Carbonate of baryta dis- 
solves slightly in aqueous solution of carbonate of potash. (Wacken- 
roder, Ann. Pharm. 24, 80.) 


B. Sunpure or Porasstum AND Bartum.—When 5 parts of sul- 
phate of baryta and 5 parts of sulphate of potash are exposed to a — 
white heat in’a charcoal crucible, 5°6 parts of this compound are obtained; - 
consequently more than half the sulphide of potassium volatilizes, and 
35°7 parts remain in union with 64°3 parts of sulphide of barium. Dark 
flesh-coloured, translucent, crystalline-granular, fused, and somewhat 
spongy mass, dissolving perfectly in water, with slight disengagement of 
heat. (Berthier, Ann. Chim. Phys. 22, 244.) 


C. Nirrars or Baryta anp Porasn.—When nitrate of baryta is 
dissolved in a saturated solution of nitre, or nitre in a saturated solution 
of nitrate of baryta, a compound of the two salts in atomic proportion 
falls down. The saturated solutions mix without producing any precipi- 
tate. (Karsten, Schriften der Berl. Akad, 1841.) 


BARIUM AND SODIUM. 


96°6 parts (1 At.) of Carbonate of Baryta form with 53:2 parts (1 At.) 
of dry Carbonate of Soda, at a strong red heat, a clear liquid as thin as 
water, i becoming crystalline-as it cools. (Berthier, dnn. Chim. Phys. 
38, 246. 

One part of Baryta heated to redness with 2 parts of Carbonate of 
Soda, gives a light green, semi-vitreous, imperfectly united mass. (Guy- 
ton-Morveau.) Baryta or carbonate of baryta fused with carbonate of 
iyi the blowpipe on charcoal sinks into the charcoal. (Berze- 
ius. 

One part of Baryta gives with 2 parts of Borax a clear slightly 
coloured glass. (Guyton-Morveau.) On charcoal, before the blowpipe, a 
transparent glass is obtained, which remains clear when cold, if the baryta 
is used in small quantity, but becomes cloudy by interrupted blowing (tech- 
nically, faming). When more baryta is used, a milk-white excrescence 
forms at the bottom on cooling; and with a still larger proportion, the 
glass becomes milky from the bottom, and at last forms a perfectly opaque 
and white enamel. (Berzelius. ) 


_ One part of Baryta gives a clear glass with 2 parts of ordinary 
Diphosphate of Soda. (Guyton-Morveau.) 

Laryta heated with Phosphate of Soda and Ammonia, on charcoal 

_ before the blowpipe, froths up and fuses to a clear glass, which continues 

clear after cooling, when but little baryta is present; but with a larger 


quantity becomes partially milk-white, and with a still larger proportion 
enamel-like throughout. ( Berzelius.) eas 


 PyropnosPHATE OF Sopa AND Baryra.—6 (2Ba0O, PO*) + 2Na0 
PO® + 6Aq. Prepared, according to Baer ‘Poneae 152) va Ludwig 
(4 rch, der Pharm. 66, 265), by gradually adding chloride of barium to a 
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boiling solution of pyrophosphate of soda; the solution remains alkaline. 
The precipitate obtained. is amorphous, and. must be washed with water 
containing ammonia, because it is to a certain extent soluble in pure 
water. It is insoluble in pyrophosphate of soda, but readily dissolyes in - 
hydrochloric acid. 


METAPHOSPHATE OF SopA AND BARyTa.—Prepared by mixing chloride 
of barium and metaphosphate of soda in the reverse proportions to those 
_ required for the preparation of metaphosphate of baryta. (Vid. Fleitmann 
& Henneberg’s method, p. 146.) Crystallizes in fine stellated groups, and 
is much more soluble in water than metaphosphate of baryta itself. The 
crystals dried in the air contain 8 atoms of water. 


Calculation. Fleitmann & Henneberg. 

EAU eset satan cons badasiei cass LOS 22S ae ete. Vinkaseds 38°74 
RL OL ata ee ie ge 31:0 Coney tints Ne3 7°58 
SAAS Cos AA Rae SR AL RR Ye 216°0 BS S242 AR eae 54°03 
ana; Wa; SPO? 7. 400-2) 2.2.2 100700, 26 chs 100°35 


(Fleitmann & Henneberg, dnn. Pharm. 65, 304.) 


83°6 parts (1 At.) of Sulphide of Barium fused with 53°2 parts (1 At.) 
of Dry Carbonate of Soda, yield a light-brown, opaque mass, having a 
granular fracture: water withdraws sulphide of sodium from it and leaves 
carbonate of baryta. (Berthier. 

116°6 parts (1 At.) of sulphate of baryta with 71°6 parts (1 At.) of 
dry carbonate of soda (or 1 atom of carbonate of baryta with 1 atom of 
sulphate of soda) forms a mixture which fuses readily, and after cooling 
appears white, opaque, and stony, with an irregular and slightly crystal- 
line fracture. (Berthier.) 

One atom of Sulphate of Baryta heated to whiteness with 1 atom of 
Monosulphide of Sodium, fuses to a tolerably thin paste, which when cold 
becomes olive-green, opaque, and dense, with a dull granular fracture, 
aud gives up sulphide of sodium to water. (Berthier.) 

116°6 parts (1 At.) of Sulphate of Baryta heated to whiteness with 
71:2 parts (1 At.) of anhydrous sulphate of soda fuses completely, 
and solidifies to a white opaque mass, of crystalline-granular fracture. 
(Berthier.) 

98°6 parts (1 At.) of Carbonate of Baryta heated with 58°6 parts 
(1 At.) of Chloride of Sodium fuses rapidly to a clear liquid, which 
exhales vapour of chloride of sodium, and solidifies to a white translucent 
mass, having a scaly uneven fracture. (Berthier.) 

116°6 parts (1 At.) of Sulphate of Baryta fuses very easily when 
heated with 58°6 parts (1 At.) of Chloride of Sodium, and gives on 
cooling a somewhat translucent, dense, homogeneous mass, having an 
irregular crystalline fracture. (Berthier, Ann. Chim. Phys. 48, 302.) 


BARIUM AND BARIUM. 


98°6 parts (1 At.) of Carbonate of Baryta heated to redness with 
1:04 parts (1 At.) of Chloride of Barium yield a clear, thin liquid, which 
solidifies to a white transparent mass, of scaly crystalline fracture. 
(Berthier, Ann. Chim. Phys. 38, 253; Dobereiner, Pogg. 15, 240.) 


See 
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If hydrated phosphoric acid is exposed to a ted heat in contact with 
chloride of barium, and the excess of the latter dissolved out from the — 
cold mass by water, there remains a compound of Phosphate of Baryta 
with Chloride of Barium, in various proportions, however, according to 
the analyses a, a: if carbonate of ammonia be thrown into the crucible at 
the end of the ignition, the proportions 6, b, b, b, are obtained. (H. 
Rose.) 


a. a. b. b. b. b. 
Baryta ...ccccesscterressees 57°07 66°40 59°74 64°16 61°86 60°14. 
Phosphoric atid ~ sarsit 29°09 23°09 31°23 26°09 34°04 36°18 
Chloride of barium .... 13°84 10°51 9°03 9°75 4°10 3°68 


100:00 100°00 100°00 100°00 100°00 100°00 ~ 


One atom of Sulphide of Barium fuses with one atom of Chloride of 
Barium to a thin paste, which when cold assumes the colour of kermes 
mineral, and becomes opaque, with a slightly scaly and shining fracture.— 
With 2 atoms of sulphide of barium a tough mass is obtained, becoming 
reddish-brown, opaque, and dense, when cold, and exhibiting a dull 
fracture. (Berthier, Ann. Chim. Phys. 48, 302.) | 

By melting together one atom of Sulphate of Baryta with one atom of 
Chloride of Barium, a white very translucent mass is obtained, of scaly, 
laminated fracture. With 2 atoms of sulphate of baryta it exactly 
resembles statuary marble. (Berthier:) ; 7 

Fruoripe oF BARIUM WITH CHLORIDE OF Baritum.—Precipitated 
when chloride of barium is mixed with hydrofluate of soda or potash, or 
when ammonia is added to a solution of fluoride of barium in aqueous 
hydrochloric acid, White powder, or—when obtained by evaporating 
the solution—granular crystals, which suffer no loss of weight’ by exposure 
to a red heat. Water, which dissolves this compound more readily than 
the pure fluoride of barium, effects a partial decomposition, as it takes 
up the chloride of barium in preference to the fluoride. (Berzelius, Pogg. 
1, 19.) : 


Calculation. Or: 
Bad oticcscccee . 104°C x: 54°96 OBa: hasac gues 1372 wa GS 
ree o7'3 «45 '6E Ch paar 35°4 .... 1851 
Fijthsiuet icone 119. ra 
BaCl, BaF .... 191°3 .... 100°00 191°3__.,.. 100°00 


Compounp or Nitrate and Puospnate or Baryta.—Formed by 
mixing nitrate of baryta and phosphate of ammonia, and appears as a 
gelatinous precipitate, very difficult to wash, and requiring therefore to be 
freed from the mother-liquor by pressure. It gives up the nitrate of 


baryta to boiling water, the phosphate remaining undissolved. (Berzelius, 
Ann. Ohim. Phys. 2, 162.) ie 


F Other compounds of Barium.—With iron, copper, mercury, and 
silver. . 
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CHAPTER V. 


STRONTIUM. 


Hope. Account of a mineral from Strontian, &c. Transactions of the 
Royal Society of Edinburgh, 4, 3. 

Klaproth. Cell. Ann. 1798, 2, 189, and 1794, 1, 99. 

Kirwan. Orell. Ann. 1795, 2,119 and 205. 

Vauquelin. Ann. Chim. 29, 270; also Scher. J. 3, 652. 

Stromeyer. Schw. 19, 229; also Gilb. 54, 245. 


fistory.—The native carbonate of strontia, discovered in 1787 at 
Strontian, was at first regarded as carbonate of baryta. Crawford’s sup- 
position, published in 1790, that this mineral contained a peculiar earth, 
was confirmed in 1792 by Hope, and in 1793 by Klaproth. Sir H. Davy 
in 1808 first obtained from it the metal strontium. 


Sources.—As sulphate of strontia and as carbonate of strontia; in 
small quantities in Arragonite and Brewsterite; and in very minute 
proportions in the mineral waters of Karlsbad, Kénigswart, Kaiser- 
Frauzensbrunn, and the salt spring at Eger (Berzelius, Gilb. 74, 145, 
and 290; Pogg. 4, 250) in those,of Marienbad (Steinmann), of Bilin 
(Reuss), of Luhatschiwitz in Rohemia (Planiava), of Ernabrunn in the 
Harz (Bley), of Pyrmont (Brandes), of Selters (O. Henry), of Kissin- 
gen and of Marienfels near Nasstidten (Kastner), of Ems (Gmelin), of 
Lavey near Bex (Baup), of Vic-sur-Serre and Galmier (O. Henry), of 
St. Allyre (Girardin), of Bulgneville (Braconnot), and of Hammam 
Berda and Hammam Mascoutin in Algiers (Tripier). 


Preparation. Similar to that of barium according to the first and 
second methods. The paste into which the mercury is introduced 
according to the first method, consists either .of moistened hydrate of 
strontia or of chloride of strontium. (H. Davy.) Hare proceeds as with 
barium. (For Clarke’s method with the oxy-hydrogen blowpipe, vid. 
Schw. 18, 249, and Gilb. 62, 368.) | 


_ Properties. Of a similar colour to barium, but with less lustre; 
sinks in oil of vitriol; ductile; less fusible than barium (H. Davy); silver- 
white (Clarke). | . | 
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Compounds of Strontium. 
STRONTIUM AND OXYGEN. 
A. Srrontra. SrO. 
Oxide of Strontium, Strontian, Strontit, Strontianerde, Strontiane. 


Formation. Strontium oxidizes rapidly (slowly, Clarke) in the air, 
becoming changed into strontia [or the hydrate 7]. When heated in the 
air it takes fire and burns, leaving strontia; thrown on water it produces 
strontia-water, with evolution of hydrogen gas. (H. Davy.) 


Preparation. By the same methods as those given for baryta; 
according to Smith, also, by strongly igniting the hydrate. 


Properties. Greyish-white porous mass, having a specific gravity 
between 3:0 and 4:0 (H. Davy) = 3:9321. (Karsten.) Not fusing in 
the fire; not volatile; having an alkaline taste, and an alkaline. reaction 
on vegetable colours; less gaustic than potash, soda, or baryta. 


Calculation. Stromeyer. H. Davy. Berzelius. 
RSE Wasceri Be oc BAS eet cies RAs Tiger traits BE ST ae 84°55 
Ce BN Oat 
SrO........ 52 10020.) feteeteae LOB00 © oes 1OQOe> tes nae 100°00 


SrO = 547°29 + 100 = 647-29. (Berzelius.) 


_ Decomposition. By electricity, and by the oxy-hydrogen blow- 
pipe. 


Combinations. a. With water. a. Hyprate or SrrontrA.—l. Stron- 
tia when mixed with water, crumbles to a white powder and becomes 
heated.—2. When the crystals of strontia are heated to low redness, the 
melted hydrate remains as a clear mobile fluid, which solidifies to a 
greyish-white fibrous mass. (Bucholz, WV. Gehl. 4, 661.)—8. The crystals 
of strontia heated to 100°, leave the hydrate in the form of a white 
powder. (Smith.) By prolonged ignition, the hydrate is rendered trans- 
parent (Bucholz); and at a higher temperature, it loses the whole of its. 
water. (Denham Smith, Phil. Mag. J. 9, 87; also Pogg. 89, 196.) 


Calculation. Smith, No. 3. 
SrQseecie 5D ie 0 ae hee hades 85°09 
HO coe popes Crs etek cee 14°91 
SrO,HO... 61 ... 100°00 a... .  100°00 


8. CrysTALs or Srrontia. Formed during the cooling of a solution of 
strontia prepared at a higher temperature. Transparent. Crystalline 
system, the square prismatic (Mig. 33); cleaving readily parallel to p; 
less easily, parallel to 7; p :e = 187° 48); a: 7 = 182° 12!, (Brooke, 
Ann. Phil. 23, 287.) The crystals, when heated (even to 100°, Smath) 
lose 50 per cent. of water, without melting in their water of crystallization, 
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and leave an effloresced mass of hydrate. (Bucholz.) By exposure to the 


air they are converted into carbonate of strontia. Sp. gr. = 1°911. 
(Filhol.) 

Calculation. . Smith. Noad. R. Phillips, 
EM) Lyousertcguvac Of Se oo L vss 39°58 i 38°53 pe 36°24 
cls 2 tetera 81 pnw? 60°9 i 60°42 7e 61°47 aie 63°76 
SrO,9HO .... 133... 100°0 aly | LOOIOG ee UO 00 wel LOOT09 


Phillips (Phil. Mag. J. 6, 35) supposes the. crystals to contain 10 
atoms of water. Noad (Phil. Mag. J. 11, 301; 12, 52) attributes the 
excess of water over 9 atoms, which he found, to the mother-liquor adhering 
to the crystals. YFilhol found 9 atoms of water (J. Pharm. & Chim. 8, 7, 
271). 


y STRONTIA-WarTeR. One part of the crystals dissolves in 50 parts of 
cold, and in 2°4 parts of boiling water. (Bucholz.) Colourless liquid, having 
an alkaline taste and reaction; becomes covered with a film of carbonate 
of strontia on exposure to the air; precipitated by sulphuric acid. 


6. With acids strontia forms the Srrontra satts. The specific gravity 
of these salts lies between that of the baryta and lime salts. They are 
colourless, when the acid itself is without colour; and not poisonous, 
- unless the acid is so. They colour the blowpipe flame carmine-red; the 
soluble salts, especially the chloride of strontium, impart this colour also 
to the flame of a taper, when put upon the wick—to the flame of heated 
alcohol—and with great vividness, according to Smith, to that of wood- 
spirit. The similarity of this red colour to that produced by the salts of 
lithia disappears if a prism is placed between the flame and the eye: in 
this case, the lithia flame shows only a simple red ray; the strontia 
flame, on the contrary, exhibits a great number of red rays separated by 
dark intervals, besides an orange-yellow and a bright blue ray. (Talbot, 
Pogg. 31, 592.)—Hydrochlorate, of strontia, heated on a platinum wire, 
reddens the blowpipe flame only till it fuses and is converted into 
chloride of strontium ; whereas chloride of lithium reddens it continuously. 
Chloride of barium mixed with the chloride of strontium prevents the 
appearance of the red colour with the blowpipe. The colour imparted 
to the flame of alcohol by chloride of strontium becomes yellowish-red 
when salts of baryta are present, and yellow when soda salts are present 
in large quantity. (H. Rose.) Potash and soda withdraw the acid from 
all salts of strontia, excepting the phosphate and sulphate. Many of the 
strontia-salts are insoluble in water; but all except the sulphate are 
dissolved by weak nitric or hydrochloric acid, being at the same time 
partly decomposed. These salts dissolved in water give a white precipi- 
tate, soluble in hydrochloric acid, with the simple carbonate, diphosphate, 
or arseniate, and with the simple oxalate or tartrate of ammonia, potash, 
or soda. Bicarbonate of potash precipitates a strontia solution more 
slowly and less copiously the more it is diluted; and a very dilute solu- 
tion, only with the aid of heat. Jodate of soda gives a white precipitate 
with the salts of strontia, immediately in concentrated solutions, but 
not till after some time when weaker solutions are employed. (H. Rose.) 
Liebig found no precipitate produced by this reagent—probably because 
he used a very dilute solution. With simple chromate of potash, the 
strontia salts give a yellow crystalline precipitate, after some time, 
With very dilute solutions, no precipitate is produced. (Smith.) Sul- 
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phuric acid and its salts, not excepting a solution of gypsum, precipi- 
tate the salts of strontia, even when largely diluted; though not at so 
great a degree of dilution or so instantaneously as the salts of baryta; 
the precipitated sulphate of strontia is but slightly soluble in hydrochloric 
or nitric acid. A solution of nitrate of strontia which contains but one 
part of strontia in 2,500 parts of water, still gives a precipitate with 
sulphuric acid or sulphate of soda; with 5,000 parts of water, a slight 
cloudiness; with 10,000 parts of water, a very slight turbidity; with 
20,000 parts of water, a very slight cloudiness after some minutes only; 
and with 40,000 parts of water, after some minutes, a scarcely perceptible 
turbidity. With oxalate of ammonia, a solution containing 1 part of 
strontia in 10,000 parts of water gives a scarcely apparent turbidity; 
and with more water, no effect whatever. (Lassaigne, J. Chum. Med. 8; 
527.) Oxalic acid gives a white precipitate which does not appear for 
some time when the solution is considerably diluted; more rapidly, how- 
ever, than with a salt of baryta. No precipitate is produced with strontia 
salts by the following substances: perchloric acid; hydrofluosilicie acid 
(not, at least, if the solution contains any free acid); bicarbonate of 
potash; bichromate of potash; hydrosulphate of ammonia; succinate of 
ammonia (with very concentrated solutions only, a precipitate soluble in 
hydrochloric acid is formed after a long time); ferrocyanide of potassium 
(H. Rose, Pogg. 44, 445); ferrideyanide of potassium. | 

¢. With earths, forming enamels and glasses. | 

d. With certain oxides of the heavy metals in the wet way. 

e, With certain organic substances. 


B, Prroxipe or STRONTIUM. 


Not yet known in the separate state, but only as a Hydrate, which falls 
down in pearly scales on mixing strontia-water with an aqueous solution 
of peroxide of hydrogen, or with the hydrochlorate or nitrate of peroxide 
of hydrogen, not in excess. (Thénard, Ann. Chim. Phys. 8, 313.) 


STRONTIUM AND CARBON. 


CARBONATE oF StRonTIA.—a. Monocarbonate.—Found as Strontian- 
ite. Formed by exposing strontia and its. combinations with water 
to the air. Prepared in the same manner as the carbonate of baryta. 
May be obtained, according to Zoega, in crystals like those of carbonate 
of baryta (III., 139). | 

The crystals of the native carbonate belong to the right prismatic sys- 
tem, and have the forms of arragonite (Fuchs, Mitscherlich); the rhombo- 
hedral system (Hauy). It is transparent, has a waxy lustre, and a spe- 
cific gravity of 3°605 (Mohs); 3°6245 (Karsten). The artificial carbo- 
nate is a white substance, smooth to the touch, and has but little cohe- 
sion. Fuses at 226° (Wedgwood) to a clear glass. (Saussure, J. Phys. 45, 
24.) Tasteless. The native variety however has an alkaline reaction. 
(Pleischl.) 7 


Calculation. Stromeyer. Thomson. Ure. Schaffgotsch. Bérard. 
SrO beatae 52 70°27 an 70318 au /70'l. aw 69°B. nae GOD Gime 75° 
Sle eer 22 29°73 «is 29°687 ise 29°9 vx 30°2 ve BOSS aie BO 


$rO,CQ2 74 (10060 ..... 100060 4. 100°0 .... 1000 .... 100°00 .... 100°0 
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Klaproth; 
le Kirwan, Pelletier. Hope. 
SFO sscissitsaes 69°5 ‘Gas. Os sats 61:2 
CU cuit. 30°0 Mer. \c.00 aise 30°2 
Water ...... ne 0°5 ths 8 hast 8°6 
100°0 Sis 100 ieee, .L00°0 


It volatilizes with a red light when heated on a piece of charcoal inflamed 
by a stream of oxygen gas. It loses carbonic acid if exposed to the heat 
of a powerful forge. (Gay-Lussac & Thénard.) The change is complete in 
three-quarters of an hour, the substance retaining its form but diminishing 
in volume. (Abich. Pogg. 28, 315.) It loses its acid at a lower tempera- 
ture if steam is passed over it, the hydrate being then produced. (Gay- 
Lussac & Thénard.) Before the blowpipe it fuses at the edges, and then 
rapidly swells up, forming cauliflower-like ramifications, Which -become 
highly incandescent, impart a reddish colour to the flame, and have an 
alkaline reaction. (Berzelius.) It is readily dissolved by a cold solution 
of hydrochlorate, nitrate, or succinate of ammonia. (A. Vogel, Brett, Witt- 
stein.) 74 parts (1 At.) of carbonate of strontia boiled for eight hours 
with a solution of 54 parts (1 At.) of sal-ammoniac in water, dissolve 
all but 3:3 parts with evolution of carbonate of ammonia; the whole of 
the ammonia is eyolved. (Smith.) Carbonate of strontia is soluble in 
1536 parts of boiling water. (Hope.) % Also in 11,862 parts of water 
acidulated with hydrochloric or sulphuric acid, and in 18,045 parts of 
pure water at ordinary temperatures. (Fresenius.) 


b. Acid Salt.—The salt a is slightly soluble in aqueous carbonic acid, 
and again separates in needles when the liquid is evaporated: The solu- 
tion exerts an alkaline reaction on the blue colour of violets and on 
reddened litmus. (Pleischl.) 


STRONTIUM AND Boron; 


BorATE OF Stront1a.—a. Biborate.—By precipitating a neutral salt 
of strontia with borax.—White powder, colouring the juice of violets | 
green; soluble in 130 parts of boiling water. (Hope.) It dissolves readily 
in a cold aqueous solution of hydrochlorate or nitrate of ammonia. (Brett.) 


b. Sexborate.—The white precipitate produced in a salt of strontia 
by the addition of sexborate of potash. It is soluble in a large quantity. 
of water, and has an alkaline reaction. (Laurent.) 


STRONTIUM AND PHOSPHORUS. 


A. PHosPHIDE oF StRONTIUM.—Similar in properties to phosphide of 
_ barium. 


B. Hypornospuite oF Stront1a.—Obtained as the baryta salt, 
according to the first and second methods (III.,141). Difficultly crystal- 
lizable. (Dulong.) Very similar to the baryta salt. Like that salt it 
evolyes, when heated, spontaneously inflammable phosphuretted hydrogen 
gas, attended with the same phenomena, and leaves diphosphate of strontia 
mixed with phosphoric oxide. (H. Rose, Pogg. 9, 872; 12, 84.) Very 
soluble in water. (Dulong.) » | : 
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C. Puospuire or Stront1a.—Diphosphite.—Crystallizes from an 
aqueous solution by spontaneous evaporation. (Dulong.) Terchloride of — 
phosphorus dissolved in water gives, after being saturated with ammonia, 

a scanty precipitate with chloride of strontium; but on evaporating the 
mixture, the salt is deposited in a crystalline form. The salt washed and 
dried in vacuo over oil of vitriol, and then ignited, evolves hydrogen gas 
with a trace of water and phosphorus, and leaves di- [pyro-] phosphate of 
strontia with a small excess of base and a little phosphoric oxide. 


2SrO, 2HO, PO? = 2SrO, PO® + 2H. 


(H. Rose, Pogg. 9,27.) _ It dissolves with difficulty in water; the solution 
when heated deposits a basic salt of a pearly lustre [triphosphite ?], whilst 
an acid salt [monophosphite ?], which crystallizes with difficulty, remains 
dissolved. (Dulong.) | 


D. PuospHatE oF StRontIA.—Diphosphate.—Formed when chloride 
of strontium or nitrate of strontia is precipitated by ordinary diphosphate 
of soda. . White, tasteless powder, which melts before the blowpipe to a 
white enamel. (Vauquelin.) Not decomposed by potash or soda, (Berze- 
lius.) Does not dissolve in water, but is soluble in aqueous phosphorie, 
hydrochloric, or nitric acid, (Vauquelin.) Easily soluble in a cold 
solution of hydrochlorate, nitrate, or succinate of ammonia, from which it 
is partly precipitated by a small quantity of ammonia, and completely by 
a larger quantity. (Brett, Wittstein.) a . 


After ignition. Vauquelin. Stromeyer. 
DSi te FOO cc CSO Say ames 58 fis oS arcane 63°435 
POP ea: V4! Sy RO i ea aa: Ayre sees 36°565 
5 EE re eet a 8 eee 
9SrO, PO® 5... 175*4 a... “T0000 © oss. 4100-00 > cae 100-000 


q—E. PyropnospHaTE oF Strrontia.—Nitrate of strontia gives a 
white amorphous precipitate with pyrophosphate of soda. If, however, 
the mixture be heated, the amorphous powder is converted into small 
crystals. Somewhat soluble in water; dissolves completely in nitric and 
hydrochloric acid; insoluble in acetic acid and solution of pyrophosphate 
of soda. The salt contains water. | 


Calculation. Schwarzenberg. 
DSO = erin 104:0 ODIs Se 59°19 
BO Seite 71°4 40°78.) PRR 40°71 
OerO) POP. eae E7bt4 J A LOOO0te Haas 99°90 


(Schwarzenberg, Ann. Pharm. 65, 133.) 


F. Merarnospuate or Strontra.—Prepared as the baryta-salt by 
decomposing carbonate of strontia with dilute phosphoric acid, evaporating 
to dryness, and heating to 31 6°. Insoluble in water and acids, but decom- ~ 
posed by sulphuric acid, 


Calculation. Maddrell. 
SrO> hi sietasat Beth hii Oe, | «lene 28*3an 
POR bse 71°4 71°48 71°663 
SrO oP O® sia: 038 eae? 100-00 «+ nde 100°000 


(Maddrell, Mem. Chem. Soc, London, 3, 278, 1848.) 7 


{ 
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STRONTIUM AND SULPHUR, 

A. Monosutrnipe or Srrontium.—100 parts of sulphate of strontia 
strongly ignited in a charcoal crucible yield 64 parts of sulphide of stron- 
tium. This substance is white, granular, caked together, but friable. 
(Berthier.) Sulphate of strontia is more easily decomposed by charcoal 
than sulphate of baryta. In preparing sulphide of strontium, for the 
purpose of obtaining the different salts of strontia from it, the methods 
given for the preparation of sulphide of barium may be employed, espe- 
cially a, « and 8 (III. 146). The charcoal should, however, amount to 
about one-third of the sulphate of strontia. 


Calculation. Berthier, 
Ral rein seadcccd eit Stree. saree ae act Fool? 
Oh ee 16 Be Ose’! icegatend 26°83 
SrS 60 OCG 32.456 100°00 


A solution of sulphide of strontium in boiling water deposits, on cool- 
ing, a considerable quantity of crystals of pure strontia. (Berthollet, J. 
Polytechn. Cah. 11, 315; H. Rose, Pogg. 55, 430.) The mother-liquor 
contains double sulphide of hydrogen and strontium or bihydrosulphate 
of strontia. If an insuflicient quantity of water is used to dissolve out 


the sulphide of strontium, the water chiefly takes up bihydrosulphate of 
‘strontia, and the residue treated with a fresh quantity of water yields 


nearly pure strontia. (H. Rose.) 


B. SutpompE oF HyproGEN AND SrrRontIuM, or BrinypRosvut- 
PHATE OF STRonTIA.—1, Sirontia-water, or water in which sulphide of 
strontium is diffused, is saturated with sulphuretted hydrogen gas. (Ber- 
zelius.) 2. Sulphide of strontium is dissolved in boiling water, and the 
strontia allowed to separate on cooling. (H. Rose.) The liquid obtained 
by the first method yields, when evaporated in vacuo over oil of vitriol, 
large striated prisms, which appear to be four-sided, and when dry,.do 
not alter by exposure to the air for several days; when heated, they 
melt in their own water of crystallization—give ap this water, together 
with the second atom of sulphuretted hydrogen, with ebullition—and 
leave monosulphide of strontium in the form of a white powder. (Berzelius, 
Pogg. 6, 442.) The aqueous solution boiled in a retort evolves sulphu- 
retted hydrogen gas abundantly,—eyen more readily than the baryta 
peaiponutand on cooling, deposits crystals of strontia, with which, when 
the liquid becomes highly concentrated, crystals of bihydrosulphate of 
strontia are mixed. (Berthollet, H. Rose.) 


C, PERSULPHIDE OF STRONTIUM.—Similar in character to the per- 
sulphide of barium. 


D. HyposunpHite or StrontiA. Formed when a solution of sulphide 
of strontium is exposed to the air, or sulphurous acid is passed through it, till 
it becomes colourless. (Herschel.) In the first case, carbonate of strontia 
is precipitated; in the second, sulphur. On mixing the liquid with alcohol, 
the hyposulphite of strontia separates in delicate, silky crystals. (Grotthuss, 
Schw. 9, 334.) By evaporation, the salt is obtained in transparent, rhom- 


boidal crystals. (Gay-Lussac.) The crystals are very large, (Rammels- 


: xis Vir. te ba SOON i 
174 ene ee. STRONTIUM, Say tee ae = 


berg.) The salt tastes insipid at first, and sulphurous afterwards 5 it 
is neutral to vegetable colours, (Gay-Lussac.) Permanent in the air. — 
Loses its water between 50° and 60°, without however suffering decom- 
position. At a higher temperature, it is converted into sulphate of strontia _ 
and sulphide of strontium, with separation of sulphur. (Gay-Lussac.) 
Does not part with its water at 60°, and still retains 6 per cent. of water 
at 180°. By a somewhat stronger heat it is resolved into water, sul- 
phur, and a small quantity of sulphurous acid, which escape, and a white 
pulverulent residue composed of sulphide of strontium with sulphite and 
sulphate of strontia. (Rammelsberg, Pogg. 56, 301.) ‘Treated with nitric 
acid, it is converted into sulphate of strontia containing a double quan- 
tity of sulphuric acid. (Gay-Lussac, Ann. Chim. 85, 199; 95, 165.) It 
dissolves in 6 parts of cold water (Gay-Lussac) ; in 4 parts of water at 13°; 
and in 13 parts of boiling water. (Herschel, ) 


Crystallized. ~ Rammelsberg. 
STC) 1, yocisepiaseerpevexesasetreet iY aconrmaien f}e °1 i exes 36°09 
MOA iuriite orgs gah 48-2335) 830 
BETO Biernkee camara Ah see O4 
SrO, S20? + 5Aq. ... 145... 100°00 


q{—E. TETRATHIONATE OF Srront1a.—Sr0, S105 4 6Aq. Obtained 
in the same manner as the baryta-salt, but less completely precipitated 
by alcohol. (Kessler, Pogg. 74, 249.) | 


F, Sunpuire or Srront1a.—Tasteless powder, scarcely soluble in 
water; changing into sulphate of strontia when exposed to the air, 


G. HyposunpHatEe or Stront1A.—Belongs to the rhombohedral sys- 
tem of crystallization (Fig. 182); indistinct cleavage-plane parallel to _ 
; 7 :7° = 120°. ‘Taste, bitter. Permanent in the air; decrepitates 
slightly in the fire; and leaves, after ignition, 57°75 per cent. of sulphate 
of strontia. Dissolves in 4'5 parts of water at 16°; in 1°5 parts of boiling 
water, but not in alcohol. (Heeren.) 


Crystallized. Heeren. 
See ae E Pinas a fa... Bah. “yay oemee 
S208 aR aks iene 72 AY a aie 45°36 
HOR eee 36 a 22°10 
S60), SO! AAG. concn: 160-.n4 M000: arms LOGIE 


H. Sunpoate or Strontia.—a. Monosulphate.—Found in nature 
as Celestine, Precipitated on mixing a salt of strontia in solution with 
sulphuric acid, or a soluble sulphate, A solution of gypsum also precipi- 
tates the strontia salts. Strontia becomes heated on the addition of oil 
of yitriol, without however rising to a red heat, (Jul, Fontenelle & 
Quesneville, Ann. Chim. Phys. 87, 223.) By using large quantities, a red 
heat is produced. (Kastner, Kastn. Arch. 16, 229.) a 
.. The native sulphate belongs to the right prismatic system of crystal- 
lization (Fig. 61, and many other forms); cleavage parallel to p, and less. 
easy in the direction of u and wu’; ui; u = 104° 48! (Hauy), 103° 4a 

(Phillips). Specific gravity of the native sulphate = 3°953 (Breithaupt), 
that of the artificial = 3°5883. (Karsten.) ‘The artificially prepared salt 
has the form of a white powder. It is tasteless; at a high temperature it 
fuses to a vitrefied mass. ess 
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Kirwan, Clayfield, 


| Calculation, _ Stromeyer. Henry, Klaproth, Vauquelin. 
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By ignition with charcoal it is reduced to sulphide of strontium. 
According to Moretti (Schw. 9, 169) arsenic acid with the aid of heat 
expels the sulphuric acid. It dissolves in 3,840 parts of boiling water 
(Hope); in 15,029 parts of water at 11°; in 3,544 parts of boiling water 
(Brandes & Silber, Br, Arch. 33, 61); in 8,600 parts of water at 15°5°; 
in 6,895 parts of water at 14°, and in 9,638 parts of boiling water 
(Fresenius) ;—less freely in water containing sulphate of soda, and 
still less in water mixed with sulphuric acid (Andrews, Phil. Mag. Ann. 
7, 406). It dissolves slowly, but completely, in a solution of common 
salt (by which character it is distinguished from sulphate of baryta), and 

is again precipitated by sulphuric acid. (Wackenroder.) Insoluble in 
solution of sal-ammoniac. (Brett.) 

6. Acid Salt.—The neutral sulphate of strontia is taken up by boiling 
oil of vitriol, from which it is again thrown down by water. (Hope, Klap- 
roth, Moretti.) 


I. SULPHIDE oF CARBON AND StRontTIuM and HyprosuLPHo-cARBO- 
NATE oF StrRonTIA.—The brownish-yellow solution evaporated in vacuo 
leaves a fibrous, pale, lemon-coloured, effloresced mass, which becomes 
reddish brown. when moistened, and is more soluble in water than the 
baryta-salt. (Berzelius.) 


STRONTIUM AND SELENIUM. 


A, MonosELENIDE or Strontium and HypRosELENIATE OF STRON- 
TIA.—Soluble. 


B. PoLYsELENIDE or Strontium and HypRosELENITE OF STRONTIA. 
—Hydroselenite of potash produces with strontia-salts a flesh-coloured 
precipitate, which does not lose selenium at a red heat; acids however 
separate selenium from it. (Berzelius. ) 


C. Sevenire or Strontia.—a. Monoselenite.—Se0*, SrO.—White 
infusible powder, insoluble in water. 
6. Bisclenite—Obtained in the same manner as the biselenite of 
baryta. It separates as a milk-white, amorphous crust on evaporating an 
aqueous solution. Fuses in the fire; swells up and evolves water at first, 
and then one half of its acid, leaving a spongy residue of monoselenite of 
strontia. Scarcely soluble in cold water, and dissolved but slowly even 
by boiling water. (Berzelius.) | 


e > STRONTIUM AND IoprnE. 
A. lopipE or Stronz1um.—Prepared by saturating aqueous hydrio- 


dic acid with strontia, carbonate of strontia, or sulphide of strontium, and 
evaporating; or by the method of O, Henry given under iodide of barium 
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(III., 154). Fuses in a close vessel below ared heat without undergoing 
decomposition; but if heated in the air it gives off iodine and is converted 
into strontia. Readily dissolved by water. (Gay-Lussac.) 

 [odide of Strontia ?—Iodine combines with strontia at a red heat. 
(Gay-Lussac.) The compound contains equal numbers of atoms of iodine 
and strontia, and loses its iodine if the heat be too powerful. (Grouyvelle.) 


B. lopArE or SrrontiA.—1. Formed by dissolving iodine in strontia- 
water; most of the iodate of strontia falls down, whilst the iodide of 


strontium remains in solution. (Gay-Lussac.)—2. By precipitating an— 


aqueous solution of chloride of strontium with iodate of soda.—a. If the 
liquids are used hot, the salt a is obtained in the state of powder;—b. In 
the cold, the salt 8 is obtained in crystals. (Rammelsberg, Pogg. 44, 57 5.) 
The anhydrous salt when ignited evolves vapour of iodine and 12°452 
per cent of oxygen gas, leaving a residue of 40°244 per cent. of five-basic 
periodate of strontia. ? 


5(SrO, 105) = 5S8rO0,107 + 41 + 18 O. 


It dissolves easily in cold hydrochloric acid, the liquid acquiring a dark 
yellow colour and evolving chlorine. (Rammelsberg.) 

a. With one atom of water.—Method 2, a. White powder. 

8. With 6 atoms of water.—Method 1, or 2, 5. Small crystals, which 
appear to be octohedrons. (Gay-Lussac. ) 


One part of salt 6 dissolves in 416 parts of water at 15°, and in 138 


parts of boiling water. (Gay-Lussac.) It dissolves in 342 parts of water 
at 15°, in 110 parts of boiling water, and also in warm nitric acid, but 
with difficulty. (Rammelsberg. ) 


Anhydrous. Salt a. Rammelsberg. 
BPO) es sccdasswaces Bo Oo on coe SPOS .seonde 52... 22 Uae sen 
1 Je Smaart Fo 166°0; 2.2. ,t\)7020 IO? sis 166) a5 Volos 
GAG fees 9 J. = 390 ae 
BT, he aevetes 218°0 .... 100°00 AG ern 227 veces AO eas 190°00 
Salt 6. Rammelsberg. 
TD sceusrssves BZ. Shea Mot "9-86 
eae 166 sina ROL OS), @ mene “i 
= GEO: | citer 4 ey LO Od Bae os 20°14 
eae eg POO eS Rae fo ie ee 
+ 6Aq. ... 272 100°00 5.) \ncosssee 100°00 


C. Frvr-sasic Perropate of Srrontra.—Remains after the ignition 


of iodate of strontia. Gives the same appearances when heated in 
hydrogen gas as the baryta-salt, but with less vivid incandescence. 
(Rammelsberg.) 


STRONTIUM AND BROMINE. 


A. BromipzE or Srrontium.—The solution of carbonate of strontia 
in aqueous hydrobromie acid is evaporated to dryness and exposed to 
heat. White mass, fusing at a red heat without decomposition. (Berthe- 
mot, Rammelsberg.) 

Sex-hydrated Bromide of Strontwum, or Penta-hydrated Hydrobromate 
of Strontia. Crystallizes on evaporating and cooling an aqueous solution 
of the bromide of strontium.—Very long needles. (Léwig, Mag. Pharm. 
33, 7.) According to Berthemot (Ann. Chim. Phys. 74, 394), they 
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effloresce in the air; according to Rammelsberg (Pogg. 55, 238), they do 
not effloresce even over oil of vitriol. The crystals become anhydrous 
when gently heated (Léwig), but first melt in their water of crystallization. 
(Rammelsberg.) They communicate a purple-red colour to the flame of 
alcohol or of a taper. (Léwig.) 


Anhydrous. Hydrated. Rammelsberg. 
= 44°)... 35°95 Bal scepter PU Raeiah Riis 69°76 
Bros 784... 64°05 ERGs tincateses 78°40. 44:45 ; 

GH A Ui scdisvens G4) (ee eo eh 5 ya’ eee 
Sr, Br 122°4 .... 100-00 176°4 .... 100°00 —.....-100°00 
Or: 
BOE I Is oosennetrsseuiace 52°0 .... 29°48 
ER USbe nee teaiene tie 79°24 «45°01 


SEA t sc caeettnetis 4y°0*.... 25°51 
176°4 - ..... 100°00 


B. Hyposromitr oF Srront1a?—Bromine behaves with strontia- 
water as with baryta-water (III., 156), excepting that no bromate of 
strontia is precipitated. (Balard.) 


C. Bromats or Strrontra.—l. A solution of carbonate of strontia 
_in aqueous bromic acid is evaporated to the crystallizing point. (Ram- 
melsberg, Pogg. 52, 84 and 87.)—2. Crystals of strontia and bromine are 
stirred up in water till they dissolve, and the solution is evaporated at a 
gentle heat. The bromate of strontia crystallizes rather before the 
hydrated bromide of strontium; but the two compounds cannot be com- 
pletely separated by re-crystallization. (Léwig, dfag. Pharm. 38, 7.)— 
By warming the crystals the dry salt is obtained; it is decomposed at a 
red heat into oxygen gas and bromide of strontium. (Léwig.) In this 
respect it behaves like the baryta-salt, though the decomposition is not so 
violent. (Rammelsberg.) 

The crystals contain one atom of water. Crystalline system, the 
right prismatic. Right rhombic prisms. (Jig. 69.) wi: wu = 98° 40’; 
@:7= 78°15’. They do not lose their water when placed over oil of 
vitriol in vacuo at ordinary temperatures; but are rendered completely 
anhydrous at a temperature of 120°. (Rammelsberg.) According to 
Léwig, the salt forms four-sided needles, more solid and less transparent 
than the hydrated bromide of strontium; efflorescing in dry air. The 
crystals dissolve in 3 parts of cold water. (Rammelsberg.) 


Rammels- 
Anhydrous. Crystallized. berg. 
BSD diaspso Vos 92-0. L., ° 80°52 Ng BT areca eee 52°0 Pc aks st ME en 3 ot 
9 ese 1184... 69°48 Dp ee 118-4 66°00. ...... 66°19 
i ts Lt beens ot San Me 9-0 6:0)! 22M. 4:99 


SrO, BrO®.... 170°... 10000 SrO, BrO®+Aq. 179°4 100°00.... 100-00 


STRONTIUM AND CHLORINE. 


A. CHLorRIDE oF StrRonTIuM.—Strontia heated in chlorine gas is 
conyerted into chloride of strontium, with separation of half a volume of 
oxygen gas for every measure of chlorine gas absorbed. Strontia when 
hot, absorbs hydrochloric acid gas, with incandescence and formation of 
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water. (Chevreul.) The chloride is obtained in the anhydrous state by 

igniting the hydrated compound. When moderately heated, it forms a 
white powder; after fusion, a white, semi-transparent, vitrefied mass. 
It is difficult. to fuse; permanent in the fire; a non-conductor of elec- 
tricity; of a sharp bitter taste; of specific gravity about 2°8033. 
(Karsten.) When ignited in the air, it becomes alkaline from loss of 
chlorine and absorption of oxygen. (Kraus, Pogg. 48, 139.) This 1s an 
instance of reciprocal affinity. Dissolves in 116*4 parts of alcohol, con- 
taining 99:3 per cent., and in 262 parts at a boiling temperature. (Fre- 
senius. ) 


Calculation. } H. Davy. 
SY acatexsoruens Fase AAD: fea =DORA. “iaehectas 58 
i Bie Sear 35°4 BESO 2 matessees 42 
SrCl pada iY? Ritoesnat W]1Y eines i 100 
Or: Calculation. Vauquelin. Val. Rose. Stromeyer. Kirwan. 
BSD Wrasse vce yess 52-0 0 ODS 2 nk 60°F 6167", S68 Sey 
Bia)... eae B74 lou, BAB Be BOS am y B83, See 
SrO,Mu0O?.... 79°4 .... 1000 ... 100°0 .... 100°00 ... 100°000 .... 100 


Sea-hydrated Chloride of Strontium, or Penta-hydrated Hydrochlorate 
of Strontia. Chloride of strontium unites with water, with evolution of 
heat.—Preparation. Similar to that of hydrochlorate of baryta (III. 158). 
The simplest method is to dissolve in water the sulphide of strontium, 
obtained by igniting cclestine with 1 its weight of charcoal, and saturate 
the filtrate with hydrochloric acid. Long six-sided needles, imparting a 
peculiarly intense red colour to the flame of alcohol or of a taper. When 
heated, they fuse and are converted into dry chloride of strontium. They 
deliquesce only in moist air; dissolve in ? pt. of cold water; and in hot 
water in every proportion. Concentrated hydrochloric acid throws 
down part of the salt from its solution in water. (Hope.) The crystals 
dissolve at 15° in 6 parts of alcohol of specific gravity 0°833 (Vauquelin) ; 
in 24 parts of cold, and in 19 parts of boiling absolute alcohol. (Bucholz.) 


Calculation. Kirwan. Vauquelin. 

BrCl jimipueaheven W024 9011 5952, 58 ai 60 
DEVO sock Sai aten te 54:0... 40°48 ae 42 oe 40 
SrOl GAq. nchacs Paate 10000. Se 100 see ee 

Or: 

EOF PEI iter. ceveetheses OO PE tikes 66°27 

OH rey. tis eaitats BO apace 33°73 

SrO, HCl’ + 5Aq. .... 1383°4  ....... 100-00 


4 B. Cutorrre or Strronrra.—Prepared in the same manner as 
the baryta-salt. Less easily decomposed by slow evaporation; deli- 
quescent; decomposed at 208° into chlorate and chloride. ( Mitton.) T 


Calculation, Millon. 
SrO) nara BESO} ie 2 46°SO aka. 46°47 
COIGP eas eee BO ee! ) BOOS Ae 53°53 
SrO, CLO® 1.2%: ese ee OOO soe 100°00 — 


C. CnHiorate or Strontra.—Obtained in the same manner as the 
chlorate of baryta. Crystallizes in needles (large pyramidal crystals, 
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Wachter); tastes cooling, sharp, and somewhat rough. Contains, accord- 
ing to Chenevix, 26 per cent. of strontia, 46 of chlorié acid, and 28 of 
water. Fuses and explodes with a purple flame on ignited charcoal. 
(Vauquelin.) Decomposed at the same temperature as the baryta-salt. 
(Wiachter.) Deliquesces in the air, and dissolves in alcohol more readily 
than the hydrochlorate of strontia. (Chenevix.) 


D. Prercatorate or Srrontra.— The solution evaporated to the 
consistence of syrup solidifies on cooling to a mass of crystals, which, 
however, rapidly deliquesce even in the drying chamber. A solution of 
the salt in alcohol burns with a splendid purple flame. (Serullas, Ann. 
Chim. Phys. 46, 804.) 


STRONTIUM AND FLUORINE. 


F'LvoRIDE or Stront1um.—Prepared in the same manner as the fluoride 
of barium. White powder. Dissolvés but very slightly in water and in 
aqueous hydrofluoric acid. (Berzelius, Pogg. 1, 20.) 


STRONTIUM AND NITROGEN. 


A. Nirrire or Srronria.—Crystallizes in fan-shaped masses of 
needles which slowly deliquesce in the air. (Fischer, Pogg. 74, 115.) 
The crystals are permanent in the air. (Mitscherlich.) 


B. Nirrate or Stront1a.—Prepared by the same methods as the 
nitrate of baryta. Separates in anhydrous crystals from an aqueous 
solution concentrated by heat; when it is exposed in a more dilute state 
to a low temperature, hydrated crystals are produced. 

The anhydrous salt forms transparent and colourless octohedrons and 
cubo-octohedrons (/%igs. 2 and 4); it has a sharp cooling taste, decrepitates 
in the fire, and fuses at a red heat, undergoing decomposition and leaving 
strontia. Explodes but slightly on ignited charcoal, and with a red 
flame. 


Anhydrous. Stromeyer. Cooper. Richter. 
Sg ik bed ae a AO ee 49°38 ae 49:08 me 48°6 
SD otk Mee i NS Las | nee 50°62 4a 50°92 aye 514 
SrO,NO® 106 _.... 100 ..  100°00 age 100°00 wa 100°0 


The hydrated salt belongs to the oblique prismatic system; (Mig. 107), 
but without the ¢-face, and consequently with the f-face; p : w= 108° 40’; 
p: f backwards = 131° 47’; uw: ut = 66° 20'; ul: m (the face to the 
right of w') = 146° 50/; w : 2 = 140° 10; p:2 = 111° 5; 2 : 2 = 126°. 
Highly efflorescent. (Brooke, Ann. Phil. 23, 289.) ie 

Nitrate of strontia dissolves in 5 parts of cold and in 2 pt. of boiling 
water; it is not soluble in absolute alcohol. 


Hydrated. . Cooper. Kirwan. 
STON caries ernchiges wena 52... 34°44 fe 35°4 Mig OO ae 
ONS San rere ere a) eee ar) ve 36'8 ary 31°07 
AR EO ee ee 45: ..,. > 29°80 ade 27°8 ates 32°72 | 
SrO, NO'+5Aq. 151... 10000... 1000 .-:100-00 
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C. AMMONIO-BROMIDE OF SrrontiuM.—Powdered anhydrous bromide 
of strontium absorbs ammoniacal gas. The compound forms a clear 
solution in water. (Rammelsberg, Pogg. 55, 238.) 


Calculation. Rammelsberg. 
ASE DY cacwitetor 489°6 ... 9OO5 ——sesrereee 96°8 
hy 3 CE ark es 19°0~-.0.0) OO 2 oe ee 3°2 
Ratt pee Sore CR ee ee 
4SrBr, NH3.... 506°6 4. 100700 seers 100°0 


D. Am™Monro-cHLoRIDE oF SrTRontruM. — Anhydrous chloride | of 
strontium in powder absorbs ammoniacal gas greedily, forming a white, 
loose, very bulky powder, which gives off the ammonia when heated, 
(H. Rose, Pogg. 20, 155.) | 


Calculation. H. Rose. 
Srl aie etaeios WOeee §., -BS"B7 | sacesshe 54°19 
ANTS eee: 68:0 AGS ore tes rae 45°81 
PBeipbanre MM aabbid bat Wena ee ce on SL EE ee ER PE 
SrCl, 4NH? ..,. 147°4 100°00 > Soins 100:00 


STRONTIUM AND SODIUM. 


74 parts (1 At.) of carbonate of strontia fuse with 53°2 parts (1 At.) 
of dry carbonate of soda at a strong red heat, forming a mass which, when 
cold, exhibits a stony texture, and an uneven, slightly crystalline fracture; 
it does not give up carbonic acid, even at a white heat. (Berthier, Anz. 
Chim. Phys. 88, 247.) Carbonate of strontia gives with carbonate of 
soda, on charcoal before the blowpipe, a clear glass, which becomes milk- 
white when cold (any excess of the carbonate of strontia remains undis- 
solved). If the heat be increased, the compound boils, gives off carbonic 
acid, and sinks into the charcoal. (Berzelius.) 

With borax and microcosmic salt, strontia behaves like baryta. (Ber-— 
zelius. - 

T ‘aor succeeded in preparing a double pyrophosphate of strontia 
and soda similar to the baryta-salt (p. 164), but from the formula which 
he gives—2Sr0, 9PO® + NaO, PO* + 18 Aq.—it would appear to be a 
mere mixture. J 

92 parts (1 At.) of sulphate of strontia yield with 53-2 parts (1 At.) 
of dry carbonate of soda, a very fusible mixture, which is not volatile 
at a white heat, and when solidified is white, opaque, and stony, with an 
uneven, very slightly crystalline fracture. (Berthier.) 


STRONTIUM AND STRONTIUM. 


One atom of carbonate of strontia gives with one atom of chloride of 
strontium, at a moderate red heat, a clear, mobile liquid, which solidifies 
on cooling to a homogeneous, porcelain-like mass, of laminated texture. 
(Dobereiner, Pogg. 15, 240.) 

One atom of sulphate of strontia fuses readily with one atom of chlo- 
vide of strontium: the solidified mass is homogeneous and translucent, 
with a crystalline fracture. 


Strontium also combines with mercury. 
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CALCIUM, 


History. Lime has been known from the earliest times. Black, in 
1756, first pointed out the difference between burnt and unburnt lime. 
Sir H. Davy discovered calcium in 1808. 


Sources, Calcium is the most widely diffused of all the alkali-metals; 
it is found in all three kingdoms, especially as carbonate, phosphate, sul- 
phate, hydrochlorate, nitrate, arseniate, and tungstate of lime; also as 
silicate of lime, either alone or in combination with other silicates, consti- 
tuting numerous minerals; lastly, as fluoride of calcium. 


Preparation. Similar to that of barium according to the first and 
second methods. (H. Davy, Gilb. 32, 369; Berzelius & Pontin, Gilb. 
36, 255; Gay-Lussac & Thénard, Recherch. 1, 50; Hare.) In the first 
method, however, the separation of the mercury is more difficult. 


Properties. Silver white; solid at ordinary temperatures.—Atomic 
weight of Calcium = 20°5 (Berzelius), = 20 (Dumas, Compt. rend, 14, 
_ 046; Erdmann & Marchand, J. pr. Chem. 26, 472), 


Compounds of Calcium. 
CaLcIUM AND OXYGEN, 
A. Limp, CaO. 
Oxide of Calcium; Chaux; Terre calcaire 3 Kalkerde, Kalk. 


formation, The metal oxidizes rapidly in the air at ordinary tempera- 
tures; and with inflammation when heated. It dissolves in water, pro- 
ducing lime-water and liberating hydrogen gas. (H. Davy.) 


Preparation.—By prolonged ignition of carbonate of lime. On the 
large scale, common lime-stone is burned in lime-kilns; on the small scale, 
calc-spar, white marble, oyster-shells, or artificially prepared carbonate of 
lime is ignited in crucibles; the last portions of carbonic acid are got rid 
of by moistening the substance with water and igniting again. Impure 
lime-stone containing clay becomes dead-burnt, when subjected to too 
strong a heat,—. e. it is changed into a half-fused compound of lime with 
silica and alumina, which no longer evolves heat with water, and conse- 
- quently is but imperfectly slaked by it. Lime of this kind is mentioned 
by Bergman. (Opusc. 1, 27.) Pure carbonate of lime, such as Carrara 
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marble, does not become dead-burnt even in the most powerful forge, or 
after repeated ignition in a potter’s furnace. (Gehlen, V. Gehl. 8, 308; 
Nasse, Schw. 46, 91.) Oyster-shells and chalk become dead-burnt under — 
certain circumstances. (Bucholz, V. Gehl. 4, 128; see also Vicat, Ann. 
Chim. Phys. 23, 424; and Schw. 46, 126.) 


Properties. White, soft, and easily reduced to powder. Specific gra- 
vity = 23 (Kirwan); = 3°08, at 4°, in vacuo (Royer & Dumas); = 3°1605 
(Karsten); = 3°179 (Pol. Boullay);- == 3:2 (Richter). Lime is one of 
the most refractory bodies in nature, melting only with the strongest heat 
of a powerful voltaic battery (H. Davy), or on charcoal ignited in &@ 
stream of oxygen gas (Morveau), or in the flame of the oxy-hydrogen 
blowpipe (Clarke); in the last case it emits a splendid red light. It fuses 
‘to a white, opaque enamel, but generally at the edges only. It is not 
volatile. Taste, alkaline. Alters vegetable colours like the alkalis. It 
is the least caustic in its action of all the alkalis. 


Berzelius. Sir H. Davy. 
a 
Calculation. Earlier. Later. 
Rod Sekine 24 | eneeeentiniae 3 ip fae 71°91 hs 7a°5 ot eet On 
a he ee S47 2857 Fes 28°09 wae 26°5 a 272 
cet ea i tle cE 
CaO : 00% 28 ~—.... 100°00 ah 100:00- St 100°0 ia 2 LOOP 


(CaO = 256'02.+ 100 = 356°02. Berzelius. ) 


Decomposition. By electricity; by potassium at a white heat; by 
phosphorus, sulphur, bisulphide of carbon (iI., 204, 3), and chlorine at a 
red heat. | 


Combinations.—a. With water. 

a. Hyprats or Lins.—Slaked Lime. Lime mixed with about half 
its weight, of water, absorbs it at first by capillary attraction into, the pores 
left in its substance by the escape of carbonic acid during the process of 
burning. The air contained in the pores is thus driven out with a hissing 
noise, and the lime combines with the water, forming a pulverulent hydrate. 
The combination is attended with great rise of temperature—sometimes 
even sufficient to inflame sulphur, gunpowder (Ann. Chim. Phys. 23, 217), 
and wood—and more sudden and powerful in proportion to the purity of the 
lime and the quantity employed. Even with ice, lime becomes heated to a 
temperature of 100°. : The steam, as it rises, carries with it a large quantity 
of lime. When lime is moistened with a small quantity of water, it emits . 
while slaking, a bright light visible in the dark. (Pelletier, Kortum, 
Voight, VW. Mag. 2, 69; Heinrich, Phosphorescenz, 578; Gobel, Schw. 58, 
488.) Lime on which a treble quantity of water is poured crumbles, with 
violent ebullition, to a cream-like mixture of hydrate of lime and lime- 
water. The production of heat during the slaking cannot by any means 
be referred to the mere passage of the water from the liquid to the solid 
state, since ice evolves heat with lime. The statement of Grotthus, that 
ammonia is evolved in the slaking of lime, has been refuted by Pleischl. 
(Zeitschr Phys.Math, 2,315.) Lime exposed to the air is converted into 
a compound of hydrate of lime with carbonate (III., 188). 

- Hydrate of lime is obtained in the crystalline state, either, according 
to Chompré & Riffault (Gib. 28, 117), by bringing two cups connected 
by means of asbestos into the circuit of a voltaic battery,—the positive 
cup containing nitrate of lime, and the negative cup water,—whereupon the 
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crystals of lime are deposited on the wire of the negative cup; or more 
readily, according to Gay-Lussac (Ann. Chim. Phys. 1, 334), by placing a 
vessel containing lime-water and another containing oil of vitriol under a 
glass jar, closed at bottom, the oil of vitriol being renewed as often as it 
becomes saturated with water. 

The hydrate obtained by slaking lime has the form of a fine white 
powder; the crystallized hydrate forms transparent, regular, six-sided 
prisms, perpendicularly truncated, and cleaving parallel to the terminal 
faces ; also six-sided tables, often cleaving in planes parallel to the 
lateral faces of a rhomboid. (Gay-Lussac.) . It loses its water at a low 
red heat, but without fusing. In the air it absorbs carbonic acid, by 
which the crystals are rendered opaque. 


Calculation. Dalton. ~ Berzelius. Gay-Lussac. Lavoisier. 
Crystals. 
a0 eres 28 75°67 75 75°7 to 75'5 76°25 ‘rae! 
up eee bs 24°33 25 24°3 ,, 24°5 23°75 22°3 
CaO, HO.... 37  100°00 100 100°0 ,, 100-0 100°00 100°0 


8. LimE-waTER.—Slaked lime is stirred up in water, and the liquid 
filtered out of contact of air. As native carbonate of lime, from what- 
ever formation it may be obtained, contains potash and soda salts, the 
water with which the slaked lime is first treated always takes up potash 
and soda in the caustic state and in the form of sulphates and chlorides, 
The water is thereby rendered more alkaline to the taste, and more 
powerful in its action on vegetable colours; and the formation of carbonate 
of lime on its surface by exposure to the air likewise takes place more 
slowly than with pure lime-water. In order therefore to obtain pure 
lime-water, milk of lime must be first stirred up with water; the solution 
decanted after subsidence, and the undissolved hydrate of lime mixed 
with a fresh portion of water, and filtered. (Kuhlmann, 4nn. Pharm. 88, 
48; A. Vogel, J. pr. Chem. 25,230.) According to Dalton (System, 2, 
331), lime dissolves in 778 parts of water at 15°6°; in 972 parts at 54°4°; 
and in 1270 parts at 100°; according to Phillips (Ann. Phil. 17, 107), in 
656 parts of water at 0°; in 752 parts at 15°6°; and in 1280 parts at 
100°; hence lime-water saturated at 0° deposits at 100° a considerable 
quantity of hydrate of lime in small crystals. (Phillips.) 2000 parts of 
lime-water saturated in the cold, mixed with 1000 parts of water, deposit 
at 100° one part of hydrate of lime; but with 2000 parts of water, only 
0:075 parts, in the form of a slight cloud. When the boiled lime-water 
is allowed to cool, the precipitate formed by boiling is not redissolved to 
any perceptible extent. (Graham, Phil. Mag. Ann. 2,23.) % According 
to Wittstein (Repert. Pharm. 1., 182), one part by weight of lime dis- 
solves in 729—733 parts of water at ordinary temperatures, and in 1310— 
1350 parts of boiling water: he also finds that the deposit which settles 
down when lime-water is exposed to the air consists of COa, CO”, T 

Lime-water is colourless, with a slightly alkaline and acrid taste, and 

becomes covered in the air with a film of carbonate of lime. 
— Milk of Lime and Cream of Lime are mixtures of hydrate of lime and 
lime-water of different degrees of thickness. 


6. With acids lime forms the Limn-satts. The insoluble salts of this 

class were formerly called Selenites. Lime-salts are colourless if the acid 
itself is colourless; they have a lower specific gravity than the salts of baryta 

and strontia, and an acrid taste, A few only of the lime-salts—the hydro- 
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chlorate more especially—when heated in the blowpipe flame on plati- 
num wire, impart a red colour to the flame, similar to that produced by 
hydrochlorate of strontia, but less intense. The colour disappears as 
soon as the salt becomes dehydrated; when chloride of barium is mixed 
with the chloride of calcium, the red colour is not produced at all. Alco- 
hol burned on soluble lime-salts exhibits a red flame, as with salts of 
strontia, but tinged with yellow. Lime produces salts nearly or quite — 
insoluble in water, with almost the same acids as baryta and strontia. 
These salts, however, dissolve readily in hydrochloric and nitric acids, 
except the sulphate of lime, which is but slightly soluble in these acids, 
The aqueous solution of a lime-salt gives a precipitate of hydrate of lime 
with caustic potash or soda, but not with ammonia. White precipitates, 
easily soluble in hydrochloric acid, are also produced with monocarbo- 
nate, biborate, diphosphate, diarsenite, or diarseniate, neutral tartrate, or 
citrate of soda. Bicarbonate of potash gives no precipitate with dilute 
solutions, except with the aid of heat. Sulphuric acid does not precipitate 
a moderately dilute solution, or produces needles only after a consider- 
able time, especially on the addition of alcohol; but in more concentrated 
solutions, it forms a much more voluminous precipitate than with baryta 
or strontia-salts. When a salt of lime is precipitated by a quantity of 
sulphuric acid not sufficient for complete saturation, the filtrate renders a 
solution of a baryta or strontia-salt turbid, because it contains sulphate of 
lime in solution. If the precipitated sulphate of lime be well washed and 
boiled with a large quantity of water, the filtrate likewise gives a cloud 
with salts of baryta or strontia, and also with oxalate of ammonia or pot- 
ash. Water saturated in the cold with sulphate of potash gives no imme- 
diate precipitate, even in the concentrated solution of a lime-salt. Tung- 
state of soda separates lime from its salts completely, even when the acid is 
somewhat in excess. (Anthon.) Oxalic acid, and more especially its solu- 
ble salts throw down from salts of lime—even when largely diluted—a 
white powder, somewhat soluble in hydrochloric and nitric acids, but almost 
insoluble in acetic acid. Nitrate of lime, dissolved in the proportion of one 
part of lime to 25,000 parts of water, gives with neutral oxalate of ammo- 
nia and with diphosphate of soda, a moderate precipitate; with carbonate 
of soda, a slight cloud, appearing only after the lapse of five minutes. 
With 50,000 parts of water, the precipitate produced by the first two salts 
is scanty, and the cloud with carbonate of soda very slight, appearing 
only after a considerable time. With 100,000 parts of water an opales- 
cence is produced by the first two salts after five minutes; by carbonate 
of soda, after a long while, a scarcely perceptible opalescence. With 
200,000, 400,000, and 800,000 parts of water, phosphate and carbonate 
of soda cease to produce any effect; oxalate of ammonia, on the contrary, 
after 5, and 8, or 15 minutes, produces a slight opalescence, scarcely percep- 
tible with the last-mentioned degree of dilution. (Lassaigne, J. Chim. Med. 8, 
525.) Oxalate of ammonia produces an immediate cloud in a solution of 
chloride of calcium containing one part of lime in 400,000 parts of water. 
(Harting, J. pr. Chem. 22, 50.) Only the most concentrated lime solu- 
tions yield a white flocculent precipitate with ferrocyanide of potassium; 
and a crystalline precipitate with iodate or succinate of soda, the latter 
appearing after some time. The following reagents give no precipitate, 
even in the most concentrated lime solutions: perchloric acid, hydro-. 
fluosilicic acid, sulphide of hydrogen and ammonium, neutral chromate 
and bichromate of potash, and ferridcyanide of potassium.—Lime also 
forms double salts, 
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c. With some of the earths, forming minerals, glass-fluxes, and 
enamels. 

d. With some oxides of the heavy metals, as with oxide of lead. 

e. With certain organic substances, 


B. PEROXIDE oF CALCIUM. 


Prepared only in the form of hydrate, which falls down in very fine 
scales, when lime-water is mixed with aqueous solution of peroxide of 
hydrogen, or in excess with nitrate or hydrochlorate of peroxide of 
hydrogen. (Thénard, Ann. Chim. Phys. 8, 313.) 


CALCIUM AND CARBON. 


A. CarponaTE oF LimE.—a. Dicarbonate-—Neutral carbonate of 
lime exposed to a moderate red heat loses only about half its acid. 
Thoroughly burnt lime placed between slightly ignited charcoal, reabsorbs 
half the carbonic acid which it has lost. This compound loses all its car- 
bonic acid when strongly ignited (contrary to the statement of lime- 
burners, who maintain that half-burnt lime cannot be perfectly burnt by 
subsequent ignition). It effervesces and evolves considerable heat with 
acids. (Fuchs.) Burnt lime, heated to whiteness in a porcelain tube 
through which carbonic acid is passed, absorbs carbonic acid at the very 
temperature at which carbonate of lime, if ignited alone, would give up its 
acid; it becomes more solid, no longer slakes when moistened with 
water, and effervesces strongly with acids. (Petzholdt.) It has not yet 
been determined whether dicarbonate or simple carbonate of lime is pro- 
duced by this process. 

Hydrated Dicarbonate.—1. Half-burnt lime does not slake with water, 
but is hardened by it.—2. Disintegrated Lime. Well-burnt lime, exposed 
to the air, increases sensibly in weight during the first few days; after 
three months it ceases to do so, and is then changed into the compound 
mentioned under 2.—This compound gives out much heat while dissolving 
in hydrochloric acid. After strong ignition it leaves burnt lime, which 
crumbles to powder when put into water; but the action takes place slowly 
and without sensible rise of temperature, It is therefore a kind of dead- 
burnt lime. (Fuchs, Pogg. 27, 601.) 


Anhydrous. Hydrated. Fuchs, 2. 
BRA ivpciselesea 56 71°79 vd GA RORY vi re es Aue ite 56 64°37 63°8 
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6. Monocarbonate.—Yound abundantly in nature in the form of cale- 
spar, marble, limestone, stalactitic limestone, and chalk; also in oyster 
shells, egg shells, bones, &c. Anhydrous lime does not absorb carbonic acid, 
even after exposure to the air for a week, provided no water has access 
to it. (Scheele.) Lime-water and hydrate of lime attract it with great 
avidity. This salt is obtained in the purest state possible, by dissolving 
_ignited oyster shells in hydrochloric acid, precipitating the phosphate of 
lime by ammonia, filtering, precipitating with carbonate of ammonia, and 
washing thoroughly. It can be obtained in the crystalline form, by a 
method similar to that employed for carbonate of baryta. (111.139) (Zoega.) 
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Carbonate of lime is dimorphous, and crystallizes in the forms of 
Calespar and Arragonite. The crystalline system to which Calespar 
belongs is the rhombohedral, Fig. 141 (the primitive form is the obtuse 
rhombohedron), 187, 188, 189, 140, 142, 148, 146, 147, 148, 149, 150, 
151, 152, 154, and some hundred other forms, among which are many 
acute and obtuse rhombohedrons; 7° : 7° in Fig. 141 = 104° 28’ 40"; 7° 

: 7 or 7° = 75° 81’ 20’; p : r (Figs. 187 and 139) = 185°; 7: s= 127° 

45' 40"; r:0= 185°; 8:8 or. ¢:¢=120°: w: pw (Fig. 147 and 148) 
= 144° 20’ 26", and so on. (Hauy.) Easily cleft in the direction of 
the r-surfaces. (Fig. 141.) Specific gravity of Iceland-spar (double 
refracting spar) = 2°717 in vacuo (Le Royer & Dumas), = 2°721 (Mohs), 
= 2°75 (Neumann); of the most acute rhombohedron of calcspar = 
2:6987; of the moderately acute rhombohedron (Fig. 141) = 2.700; of the 
most obtuse = 2°7064. (Karsten.) 

The crystals of Arragonite belong to the right prismatic system. Fg. 
54 (primary form), 55, and other forms; 7 : w= 107° 49’; uw: u' = 64° 
4's uy >t =*122° 2’, (Hauy.) Sp. gr. = 2:931 (Mohs), = 2°995. (Brei- 
thaupt.) When gently heated, it becomes opaque without loss of weight; 
throws out cauliflower-like excrescences, and crumbles to powder: because 
the atoms take up a new arrangement and unite in the form in which 
they exist in calespar. (Berzelius, Mitscherlich, Pogg. 21, 157.) 

The artificially prepared salt generally has the form of a white powder, 
consisting of small crystals, which take the form and specific gravity of 
ealespar or arragonite, according to the circumstances under which they 
are produced. (1., 100,101.) Both natural and artificial carbonate of 
lime may be fused to a fine-grained mass, consisting of crystals of cale- 
spar and resembling marble, by being strongly pressed into a crucible, 
and exposed to a strong heat; the loss of carbonic acid often amounts 
to only one per cent. (Hall, Bucholz, V. Gehl. 1, 271.) Carbonate of 
lime is tasteless, and has a slight alkaline reaction on vegetable colours, 
Marble, chalk, or arragonite, in fine powder, turns reddened litmus blue, 
and-violet juice green. (Laugier, J. Chim. Med. 6,225; Pleischl, Zettschr. 
Phys. v. W. 5, 54.) 


Berthol- Kir- Schaff- Erdmann & Du- Mar- 
let. wan. gotsch. March. mas. cet. 
Calculation. M. & K. K. D. K. D. 
AID Wiss cn 28 56 53°65 55 55°88 55°84 56 56°06 56°1 
612 nee 22 44 46°35 45 44°12 44°16 44 43°94 43°9 


CaO,CO? 50 100 100°00 100 100°00 100°00 100 100°00 100-0 


Stromeyer. Berzelius, Thénard. Thomson. Bucholz. Richter. Berg- 
D 


D. Ure. iD: ‘ man, 
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100°00 100°0 100°00 100°00 100°0 100°0 100 > 


D signifies Iceland spar; M, Carrara marble; K, artificial carbonate of lime. 
Arragonite generally contains from $ to 4 per cent. of carbonate of strontia 
(Stromeyer, Untersuch. der Mineralkorper, 98), and more rarely 2 to 4 per 
cent. of carbonate of lead. (Bottger, Karsten, Pogg. 47, 497; 48, 352.) 
Carbonate of lime is decomposed at a full red heat into lime and car- 
bonic acid; if vapour of water, or any other kind of vapour or gas has 
access to it, a lower temperature will suffice. If it be heated in a 
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tube till it begins to evolve carbonic acid, the heat then lowered till the 
evolution almost ceases, and vapour of water passed through the tube, the 
evolution of carbonic acid immediately recommences, but is arrested ag 
often as the current of vapour is cut off. The aqueous vapour drives 
out the atmosphere of carbonic acid gas which surrounds the carbonate of 
lime; and, by its pressure, hinders the evolution of carbonic acid [or, accord- 
ing to the other view (I., 21, 22, and 125, 126), the adhesion of the 
aqueous vapour to the carbonic acid gas favours its evolution]. A cur- 
rent of air acts in the same manner as steam. Moistening the lime- 
stone with water, however, does not accelerate its burning, but rather 
retards it and wastes the fuel, because most of the water evaporates 
before the evolution of carbonic acid commences. (Gay-Lussac, Ann. 
Chim. Phys. 68, 219; also Ann. Pharm. 22, 52; also J. pr. Chem. 11, 244.) 
A mixture of equal parts of carbonate of lime and powdered quartz, 
exposed to a white heat for three-quarters of an hour in a loosely 
covered crucible, yields, after being moistened, a highly alkaline mass, 
from which hydrochloric acid dissolves, together with the lime, a large 
quantity of silica which had combined with the lime. But when the same 
mixture is put into a strong wrought-iron bottle—the bottle being com- 
pletely filled with it, and closely screwed down—and exposed for an hour 
and a half to the heat of a blacksmith’s forge,—a greyish white powder is 
obtained, which, when moistened, scarcely reddens turmeric, and dissolves 
in hydrochloric acid, with rapid evolution of carbonic acid, leaving nearly 
all the quartz behind. (Petzholdt, J. pr. Chem. 17, 464; compare Vol. 
I., 128.) 2 parts of powdered carbonate of lime disposed in alternate 
layers in a glass tube with one part of sodium, and heated, yields with 
vivid inflammation, a black mass, which leaves a residue of carbon when 
treated with hydrochloric acid. (Gay-Lussac & Thénard, Recherch. 1, 364; 
Dobereiner, WV. Br. Arch. 18,155.) A concentrated solution of potash 
withdraws carbonic acid from lime. (Liebig, Pogg. 24, 366.) Carbonate 
of lime dissolves in aqueous solutions of ammoniacal salts, and less readily 
in salts of potash. Carbonate of lime just precipitated (amorphous), dis- 
solves easily in a cold concentrated solution of sal-ammoniac; butafter being 
precipitated 24 hours, it dissolves with difficulty; pulverized calcspar or 
marble is still less soluble. These solutions become turbid in the air, but 
do not deposit the whole of the lime which they contain. (A. Vogel, ./. 
pr. Chem. 7, 453.) Recently precipitated carbonate of lime is readily 
soluble in an aqueous solution of carbonate, sulphate, hydrochlorate, 
nitrate, or succinate of ammonia; the solution in the first-mentioned salt 
becomes turbid immediately (one part of lime-salt requiring for perma- 
nent solution, 65,246 parts of carbonate of ammonia); the solution in 
the others remains clear. When the precipitated carbonate of lime has 
assumed a crystalline form from long standing, it gives only turbid solu- 
tions with the above-mentioned salts, even with the aid of heat. (Witt- 
stein, Repert. 57,18.) One atom of carbonate of lime boiled in water 
for a considerable time with one atom of sal-ammoniac—the water which 
evaporates being constantly renewed—is almost entirely dissolved, with 
evolution of carbonate of ammonia, the solution ultimately retaining but 
a small quantity of ammonia. (D. Smith.) Lime-water rendered turbid 
by carbonic acid, again becomes clear on the addition of sulphate of pot- 
ash or chloride of potassium. (G. Morveau.) In pure water, carbonate 
of lime is but very slightly soluble; but dissolves more readily in cold 
water than in hot. 4 Fresenius states (Ann. Pharm. 59, 117), that one 
part of carbonate of lime is soluble in 8834 parts of boiling water, and 
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only in 10,601 parts of water at ordinary temperatures. % The solution 
has a slight alkaline reaction. | Water boiled with pounded marble or 
chalk turns reddened litmus blue. (Laugier, Pleischl.) If lime-water is 
precipitated with a quantity of carbonic acid less than sufficient for satu- 
ration, the filtrate, when boiled out of contact of air, deposits an additional 
quantity of carbonate of lime. (A. Vogel, Schw. 38, 207.) 


Hydrated Carbonate of Lime.—T Found native by Scheerer (Pogg- 
58, 382), in a running stream, in the form of small rhombohedral crystals, 
which, after drying between folds of bibulous paper, contained 48 per cent. 
of water, the remaining portion consisting of carbonate of lime with 
small quantities of magnesia, silica, alumina, iron, and organic matter. 
The formula for this compound would be CaO, CO? + 5Aq. FT 1. The 
liquid obtained by boiling about one part of lime and 3 parts of sugar in 
6 parts of water—after exposure to the air for some months in a cold 
place—deposits crystals which may be washed with cold water. Similar 
results are obtained with solutions of lime in sugar of milk, gum, or starch 
water. (Pelouze, Ann. Chim. Phys. 48, 801; also Pogg. 24, 575; also 
Ann. Pharm. 2, 228.) 2. Asolution of lime in sugar and water, exposed 
to the influence of a galvanic battery of 12 pair of plates, deposits the’ 
same crystals on the positive platinum electrode. (Becquerel.) 38. In the 
copper tube of a pump, crystals of the same kind were deposited from the 
spring water. (Prince of Salm-Horstmar.) 

Very acute rhombohedrons, of specific gravity 1°783; tasteless 
(Pelouze); rhombic prisms with dihedral summits, as in arragonite, Fig. 
54; w: wu = 83 to 84° nearly (Becquerel); irregular six-sided prisms of 
specific gravity 1°75, (Salm-Horstmar.) 

The salt dried in the air is reduced to a pasty consistence by rubbing 
in a mortar, but again becomes dry if the operation be long continued ; 
it becomes opaque in the air at a temperature above 19°, and crumbles to 
a white powder; under water it remains unchanged below 17°5°; but 
close upon 19°, it crumbles to the same white powder. (Salm-Horstmar.) 
It loses its water between 20° and 30°, and becomes doughy; but below 
20° it remains unaltered in the air. In water or ether at 30° it crum- 
bles to a fine, chalky powder. Boiling hydrated alcohol withdraws 
the water from it entirely; but boiling absolute alcohol deprives it 
of only 2 atoms of water: the crystals do not lose their form in this 
process, but become disintegrated; and if dried at 5° still retain 34°8 
per cent. (3 At.) of water; when exposed to the air, they rapidly efflo- 
resce. (Pelouze.) 


Calculation. Pelouze, Salm-Horstmar. 
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e. Acid Salt.—Carbonate of lime dissolves in aqueous solution of 
carbonic acid. Saturated lime-water is rendered turbid by carbonic acid 
gas; but on passing more of the gas through it, the opacity nearly dis- 
appears; more water, however, must be added in order to obtain a per- 
fectly clear solution. Bicarbonate of ammonia, potash, or soda precipi- 
tates lime-salts ; but less completely in proportion as the quantity of water 
present is greater. (Val. Rose, WV, Gehl. 3. 548.) This compound reddens 


i 


- PHOSPHIDE OF CALCIUM. 189 


litmus, but turns logwood and mallows blue, and turmeric or rhubarb, 
brown, even when the carbonic acid is in large excess (Morveau, Dalton, 
Pfaff, Schw. 34, 122). It turns reddened litmus blue. (Pleischl, Zettschr. 
Phys. v. W. 5, 57.) When free from excess of carbonic acid, it turns 
litmus and mallows blue, but does not redden turmeric; with excess of 
carbonic acid it turns mallows blue, but litmus red. (Gm.) It evolves 
carbonic acid by exposure to the air or when heated to the boiling point, 
monocarbonate of lime being precipitated; Bowler incrustations (Kes- 
selstein). 


CALCIUM AND Boron. 


Borate or Lime.—Borax gives with lime-water a white, tasteless 
precipitate difficultly suluble in water. (Bergman, Opusc. 3, 363.) Borax 
precipitates solutions of lime-salts when not too dilute. When a solution 
of borax is added to a warm solution of chloride of calcium, the precipitate 
first formed always re-dissolves; with a large quantity of borax solution 
it remains permanent, and unites together in a soft mass. (Berzelius.) 
The precipitate fuses in the fire to a glass. It is scarcely soluble in pure 
water, but readily dissolves in water containing sal-ammoniac or chloride 
of calcium. Sex-borate of potash also precipitates lime-salts. (Laurent.) 
Probably the borate, biborate, and sexborate of lime have yet to be 
distinguished. The precipitate which nitrate of lime gives with borax 
is biborate of lime, and has, according to Tiinnermann (Kastn. Arch. 20, 
50), the following composition : 
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Rhodizite also appears to consist of borate of lime. (Vid. G. Rose, 
Pogg. 33, 253; and 39, 321.) 


CALCIUM AND PHOSPHORUS. 


A. Puospuipr oF Catcium.—Formerly called Phosphuret of Lime.— 
Obtained mixed with phosphate of lime, by bringing together phospho- 
rus and lime at a low red heat. According to Dumas (Ann. Chim. Phys. 
33, 363), 28 parts (1 atom) of red-hot lime take up at most 16 parts 
(3 atom) of phosphorus. Since, however, according to H. Rose, an ad- 
mixture of uncombined lime is scarcely to be avoided—because the 
compound again loses part of its phosphorus when too.strongly heated— 
we may perhaps assume that 8 atoms of lime require 6 atoms of phos- 
phorus for complete saturation. The following formula would coincide 
with this supposition: 


8CaO + 6P = 3CaO, cPO*+ 5CaP. 
One part of dry phosphorus is placed at the closed end of a glass tube, 


E: Bee cae tai Segara: sae 


and 5 parts of well-burnt lime in small pieces in the middle : this por- 
tion of the tube is gently ignited, and when the lime is at a low red 


heat, the phosphorus is made to boil. The vapour of the phosphorus is _ 


~ absorbed by the lime with vivid incandescence. (Pearson.) Von Mons 


- projects phosphorus into a heated glass flask containing powdered lime. — 


The variety which contains the larger quantity of phosphorus is black, 
but has no metallic lustre; that which contains the smaller quantity is 
reddish-brown... The black variety, when gently ignited cut of contact 
of air, loses part of its phosphorus, and is converted into the brown: 
in an atmosphere of hydrogen, the change takes place at a much lower 
temperature. Both varieties lose all their phosphorus at a strong red 
heat, and leave pure lime. (H. Rose, Pogg. 12, 543.) This is an instance — 
of reciprocal affinity arising from the increasing affinity of heat for phos-— 
phorus at a higher temperature. The mixture burns when heated in the 
_ air and forms phosphate of lime. It causes hypochlorous acid gas to: 
explode at ordinary temperatures, and is converted by aqueous hypochlo- 
-rous acid into phosphate of lime, with evolution of chlorine. (Balard.) 
In a current of chlorine gas it yields pentachloride of phosphorus, chloride 
of calcium, phosphate of lime and free lime (previously contained in the 
- mixture). (Dumas, H. Rose.) Heated in a flask with excess of sulphur, 
till all the sulphur which does not enter into combination is volatilized, it 
leaves sulphide of calcium, phosphate of lime, and sulpbate of lime (this 
last is produced by the action of the free lime on the sulphide of cal- 
cium; 4. Jose.) With water it is decomposed with violent effervescence | 
into spontaneously inflammable phosphuretted hydrogen gas, and hypo- 
phosphite and phosphate of lime. The monophosphide of calcium assumed 
to be present. in the compound, together with phosphate of lime, is evi- 
dently decomposed thus :— ; 


2CaP + 3HO = 2Ca0,PO + PH, 


The mixture decomposes slowly in the air in precisely the same 
- Manner, emitting phosphuretted hydrogen gas. With concentrated hy- 
drochloric acid it deposits phosphorus, and evolves difficultly inflammable 
phosphuretted hydrogen gas, sometimes pure, sometimes contaminated 
with from one to five per cent. of hydrogen gas; with dilute hydrochlo- 
ric acid it yields pure phosphuretted hydrogen gas, but more slowly and 
with less heat. (Dumas.) Possibly in this manner : | 


38CaP + 3HCl = 3CaCl + PH? + 2P. 


Powdered lime stirred up with phosphorus in a glass flask at a 
temperature of about 150°, yields a yellow powder which inflames spon- 
taneously in the air, thus answering the purpose of a match. Probably 
a mere mixture of lime and phosphorus. rn 

B. HypornospuitE or Limz.—1. Phosphorus is thrown gradually 
in small pieces into boiling milk of lime, the water which evaporates 
being replaced and the ebullition kept under till the phosphorus has dis- 
appeared, and the strong smell of phosphuretted hydrogen gas has passed 
off; the filtrate is then freed from excess of lime by passing carbonic 
acid through it; the acid carbonate of lime formed is decomposed by a 
gentle heat; and the filtered solution evaporated either in yacuo over oil 
of vitriol, or in the air with the aid of heat. The latter method yields 
finer cfystals; but these, on dissolving in water, deposit a white powder 
consisting partly of phosphate of lime. (H. Rose, Pogg. 9, 864; 12, 79.) 


te 
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The milk of lime isvery apt to boil over with the phosphorus; it must, how- 
ever, be kept constantly at the boiling point; because if it be allowed to 
cool, air will enter the vessel and explode with the phosphuretted hydro= 
gen. The crystals are obtained by evaporation. (Wurtz, Ann. Pharm. 
43, 322.)—2. Phosphide of calcium is decomposed by boiling water— 
digested for some time—and the filtrate treated with carbonic acid, &c., 
as in the first method; the crystals are obtained by slow evaporation, 
(Bachmann, Zeitschr. Phys. Math. 8, 24.) . 
_ Colourless rectangular prisms with terminal faces obliquely inclined 
to the two broad lateral faces; easily cleft in the direction of the broad 
lateral faces. These faces have a strong pearly lustre, whereas the others 
which are less smooth are of a glassy lustre. It is more flexible than 
gypsum. (H. Rose.) It belongs to the oblique prismatic system, forming 
oblique irregular six-sided prisms (ig. 103, without the m-face) which are 
permanent in the air. (Wurtz.) Has anauseous bitter taste. (Bachmann.) 


Crystallized. Wurtz. Bachmann. H. Rose. 
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The crystals analyzed by Bachmann were dried at a temperature 
above 100°; he found them, at the same time, to contain 348 per cent. of 
phosphorus and 13°4 per cent. of oxygen. The crystals obtained in 
vacno yielded in H. Rose’s experiments 22:18 per cent. of water; those 
obtained by ordinary evaporation, little more than 18 per cent. Rose 
regards part of this water as mechanically combined, and supposes the © 
crystals to contain only 13 atom of chemically combined water. 

The crystals do not lose any water at 300°. (Wurtz.) Heated to 
redness in a retort, they decrepitate, evolve water, and afterwards give 
off spontaneously inflammable phosphuretted hydrogen gas, which, towards 
the end of the process becomes difficultly inflammable from being partiall 
decomposed by a portion of phosphorus which sublimes. A reddish kind 
of residue is left, amounting to 79:97 per cent., and containing 2 atoms 
of lime with rather more than 1 atom of phosphoric acid, together with a 
small quantity of oxide of phosphorus. (H. Rose.) 


2(CaO, PO, 2HO) = 2CaO, PO’ + PH? + HO. 


_ That rather more than half of the phosphorus should remain behind with 
the lime in the form of phosphoric acid is accounted for by H. Rose, on the 
supposition that the air in the retort causes the formation of a portion of 
phosphoric acid. More than 1 atom of water appears also to be de- 
composed ; for, according to Wurtz, but little water passes over; and the 
phosphuretted hydrogen gas evolved is mixed with about an equal volume 
of hydrogen, which at last comes over nearly pure. The crystals oxidized 
by means of nitric acid leave, after ignition, 114°68 per cent. of meta- 
phosphate of lime. (H. Rose.) The salt inflames when a small quantity 
of fuming nitric acid is poured on it; detonates with a mixture of chlo- 
rate of potash and powdered quartz, and instantly reduces nitrate of sil- 
ver. (Bachmann.) It is soluble in 6 parts of cold, and not much less of 
hot water. (Wurtz, H. Rose.) It is not dissolved by strong alcohol, and 
very sparingly when the alcohol is dilute. (H. Rose.) 


C. Dienospuire oF Lime.—Separates on mixing an aqueous 
solution of phosphite of ammonia with chloride of calcium, as a white 


crystalline. crust, but not till after some time. (H. Rose.) Crystallizes 
from an aqueous solution by slow evaporation. (Dulong.) When ignited, it 
evolves pure hydrogen gas, with a trace of water, and leaves diphosphate 
of lime of a brownish colour. (H. Rose, Pogg. 9, 26.) An aqueous solu- 
tion is decomposed by boiling into a precipitated basic salt [triphosphite 2] 
of a pearly lustre, and a difficultly crystallizable acid salt [monophos- 
phite?] which remains dissolved. (Dulong.) 
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Calculation, according to H. Rose. 
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D. Orpinary PuospHate or Lime.—a. Z'ri-phosphate.—Bone Karth, 
Animal Earth—Found in combination with chloride or fluoride of cal- 
cium in apatite, and mixed with carbonate of lime, &c. in the ashes of 
bones and many other animal and vegetable substances.—Preparation.— 
1. Chloride of calcium mixed in solution with ammonia is precipitated 
by diphosphate of ammonia. (Fuchs.)—2. Chloride of calcium is precipi- 
tated by excess of diphosphate of ammonia or soda. In this case, the 
supernatant liquid becomes acid from the formation of monophosphate of 
ammonia or soda. 


3(CaO, HICl) + 2(2NH3, PO’) = 3CaO, PO® + 3(NH3, HCl) + NH3, POS. 


(Mitscherlich.)—8. Bone-ash is dissolved in hydrochloric or nitric acid, the 
carbonic acid expelled by boiling, and then the solution precipitated by 
ammonia. The precipitate forms in very voluminous and gelatinous 
flakes, and when dried after washing, cakes together in a white amorphous 
mass, of conchoidal fracture: According to Saussure, it fuses at 378° 
Wedgw. to a substance resembling porcelain. 


Calculation. Berzelius. Fuchs. Thilenius. 
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Berzelius regards this salt as 8CaO, 8PO0°, and states that the triphos- 
phate can only be obtained by digesting it with caustic soda (and not with 
ammonia) or by precipitating chloride of calcium with triphosphate of 
soda. % In amore recent examination, Berzelius (Ann. Pharm. 53, 286 
has arrived at the following results: 1. When a solution of phosphate of 
ammonia supersaturated with ammonia, is treated with a solution of chlo- 
ride of calcium till about half the phosphoric acid is precipitated, the pre- 
cipitate formed contains 51°263 per cent. of lime, which corresponds to the 
formula 8CaO, 3PO*.—2. On adding an excess of chloride of calcium to 
the filtrate, and leaving the precipitate obtained in contact with the solu- 
tion for 24 hours before filtering, the compound is found to contain 53°34 
per cent. of lime, which nearly corresponds with the formula 3Ca0, PO*.— 
3. When a solution of chloride of calcinm is mixed with excess of ammonia, 
and a quantity of phosphate of ammonia added insufficient to precipitate the 
whole of the lime, the precipitate consists of 3CaO, PO’. This precipitate 
is less gelatinous, and nearly twice as opaque as the preceding ; when 
dried and ignited it has an earthy fracture, that of the former being harder 
and somewhat brilliant. Hence Berzelius concludes that the composi- 
tion of the phosphate of lime in bones must be a subject of uncertainty, 
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inasmuch as both the preceding phosphates of lime would be precipitated, 
and in variable proportions, on adding ammonia in excess to a solution of the 
bone-earth in hydrochloric acid. 1 Fuchs (Schw. 24, 124) by dissolving 
100 parts of Iceland spar in hydrochloric acid, and precipitating with 
phosphate of ammonia and excess of ammonia, obtained after ignition 
103-04 parts of phosphate of lime; this salt, therefore—assuming 56 per 
cent. of lime in the calc-spar—contained 54°35 per cent. of lime (56°4 would 
give 54°74 per cent.; see also Mitscherlich, Lehrbd. 2, 135.) 

The salt gently heated with potassium yields a phosphide of the metal, 
which evolves phosphuretted hydrogen gas when moistened with acidu- 
lated water. (Vauquelin & Thénard, J. Chim. Med. 1, 17.)—A mixture 
of phosphate of lime with silica and charcoal is resolved at a white 
heat into silicate of lime, phosphorus, and carbonic oxide. 10 parts of 
phosphate of lime heated to whiteness with 5 parts of quartz and 5 parts 
of clay in a charcoal crucible, evolve 3 parts of phosphorus, amounting to 
about 2 of the whole; the quantity evolved increases in proportion to the 
amount of silica employed. (Berthier, Ann. Chim. Phys. 33, 179.) Upon 
this is founded Wohler’s method of preparing phosphorus (II., 104). The 
same fact explains the observation of Saussure, viz., that phosphate of 
lime mixed with charcoal, at a white heat, evolves phosphorus; the silica 
contained in the charcoal and the retort doubtless aiding in its disen- 
gagement. 

When digested with dilute sulphuric acid, the salt swells up and is 
resolved into sulphate of lime, and a soluble compound of phosphoric acid 
with a small quantity of lime, or free phosphoric acid, according to the 
proportion of sulphuric acid employed.—155°4 parts (one At.) of triphos- 
phate of lime with 98 parts (2 At.) of oil of vitriol, yield sulphate and 
monophosphate of lime— 

3CaO, PO® + 280? = 2(CaO, SO*) + CaO, PO*; 


with 147 parts (3 At.) of oil of vitriol, sulphate of lime and free phospho- 
ric acid are the result. 
3CaO, PO® + 380% = 3(CaO, SO#) + PO®. 


A portion of gypsum, however, remains dissolved in the phosphoric acid 
set free, its quantity increasing with the amount of water present; but 
it may be precipitated, by a large addition of alcohol (wd. II., 129). 
Débereiner and Berzelius have shown that the lime may be totally sepa- 
rated from the phosphoric acid by the addition of a sufficient quantity of 
sulphuric acid. Hydrochloric and nitric acids readily dissolve triphos- 
phate of lime, converting it at the same time into the monophosphate by 
withdrawing 2 atoms of lime. Crum (Ann. Pharm. 63, 394) has extended 
this observation likewise to many of the vegetable ‘acids, as the tartaric, 
acetic, malic, and lactic acids, with the same results. From this solution, 
acetate of lead precipitates the phosphoric acid as phosphate of lead 
(accompanied by chloride of lead when hydrochloric acid is employed). 
Glacial acetic acid precipitates monophosphate of lime from a solution of 
the salt in nitric acid, nitrate of lime remaining in solution. (Persoz, Chim. 
Molecul. 346.) 

Solvent powers of hydrochloric and nitric acids of diferent degrees of 
- dilution, at 17° according to G. Bischof (Schw. 67, 39).—a. One part of 
hydrochloric acid of specific gravity 1:153 is mixed with the quantities of 
water specified; similarly, one part of nitric acid of specific gravity 1°23. 
—b. One part of lime-salt, if added in excess, is dissolved by the stated 
_ quantity of the mixture.—c. 100 parts of hydrochloric acid of specific 
VOL, III. i) 
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gravity 1158, and 100 parts of nitric acid of specific gravity 1°23, dis- 


_ solve the following quantities of the lime-salt according to their degree of 


dilution. : 
Hydrochloric Acid. Nitric Acid. 
a, b. C. a. b. C. 
Parts of Parts of the ' Parts of Parts of -Partsofthe Parts of the 
Water. Mixture. Lime-Salt. Water. Mixture. Lime-Salt. 
0 3°95 25°32 0°000 2°72 .36°78 
1 4°44 45°01 in OI a 4°93 © "5 4320 
4 8°12. 62°31 3°309 10°25 42°05 _ 
ZL 12°35 64° 5°791 15°45 Sy 95 
10 15°97 68:9 3:273 * 20°34 +) SOR 
13 19°47 71°91 10°000 20°82 52°83 ees See 
16 24-44 69°55 10-756 30°64 56°94... 5° 
19 28°68 69°72 13-000 26°48 ‘52°86 
13°236. © 32°14 44°30. 
15718 36°06 46°37 — 
40°000 127531. > 37°08 


(72:8 parts (2 At.) of anhydrous hydrochloric acid should decompose and 
dissolve 155°4 parts (one At.) of the lime-salt. 


3Ca0, PO® + 2HCl = CaO, PO® + 2(CaO, HCl); 


100 parts of aqueous hydrochloric acid of specific gravity 1:153 contain 
30°9 parts of anhydrous acid; 72°8 : 155°4 = 30°9 : 66; 100 parts of the 
aqueous acid of specific gravity 1°152 should therefore, when diluted to 
any extent, dissolve 66 parts of the lime-salt. With this, the division ¢ 
accords upon the whole; but why the acid when moderately diluted should 
dissolve more, and when not diluted so much less than 66 parts, remains 
to be explained. Similar results are obtained with nitric acid: 108 parts 
(2 At.) of anhydrous acid should decompose 155°4 parts of the salt; 100 
parts of acid of specific gravity 1:23 contain 31 parts of the real acid; and 
108 : 155-4 = 81: 44°5.| 3 
Phosphate of lime is slightly soluble in aqueous solutions of ammo- 
niacal salts. The recently precipitated salt is dissolved in small quantity 
by cold water containing sal-ammoniac (Wohler, Pogg. 4, 166); also by 
water containing nitrate or succinate of ammonia. (Wittstein.) Even the 
anhydrous salt is dissolved by long boiling with solution of hydrochlorate, 
nitrate, or succinate of ammonia (Hiinefeld, Arch. f. d. med. Erfah, 1826, 
520; Wittstein); in this case ammonia is doubtless evolved. aileah in 
3CaO, PO® + 2(NH3, HCl) = CaO, PO® + 2(CaO, HCl) + 2NH3. 
Delkeskamp (Crell. Ann. 1798, 2, 226) found that phosphate of lime 
boiled for several hours with sulphate of ammonia, was converted into” . 
sulphate of lime, while phosphoric acid passed into the solution ; this was. 
also confirmed by Morveau. (J. Polytechn. Cah, 3, 434.) [It is not, 
however, a case of decomposition by double affinity; but. sulphate and - 
soluble monophosphate of lime are produced and ammonia evolved |.— 
Phosphate of lime is also sparingly soluble in water holding common salt 
in solution. (Thomson, Ann. Phil. 17,12.) When recently precipitated, 
it is also soluble to a very slight extent in pure water, so that the liquid 
becomes cloudy on the addition of nitrate of lead. (R. Phillips, Ann. 
Phil. 22, 188.) It dissolves more readily in water containing starch or 


glue. (Vauquelin, J. Phys. 85, 126.) . . 


b. Di-phosphate.—1. Falls down in very small opaque needles, slightly 


contaminated, however, with a—on dropping a solution of ordinary diphos- 
phate of soda into excess of chloride of calcium. (Berzelius.) If the 
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diphosphate of soda is in excess, phosphoric acid separates from the 
precipitate and combines with it, forming monophosphate of soda, and the 
precipitate is converted into the salt a. (Berthollet, Statique Chim. 1, 
117; Berzelius.) | 

4;—2. When a solution of chloride of calcium is precipitated with 
a slight excess of ordinary phosphate of soda—the solution with the 
precipitate divided into two equal parts—to one portion just enough 
nitric or hydrochloric acid added, to effect solution without the aid of 
heat—the other portion then added, and the whole allowed to stand 
quietly for 48 hours,—the amorphous prgtipitate of phosphate of lime 
increases rapidly in density, and is gradually converted into fine white 
scales, which, under the microscope, present the appearance of thin, tabular, 
rhombic prisms, with the acute prismatic edges generally replaced by planes, 
so that the crystals have the appearance of irregular six-sided tables. The 
compound thus formed is decomposed by boiling in water, and becomes 
bulky, opaque, and indistinctly crystalline; the supernatant liquid strongly 
reddens litmus. The formula of the salt is: 2CaO,HO,PO® + 4 Aq. 
(Bodeker, Ann. Pharm. 69, 206.) FT vk 

Diphosphate of lime when freshly precipitated, expels hydrochloric 
acid, with the aid of heat, even from a concentrated solution of chloride 
of calcium, and combines with the lime set free. (Berzelius.) It is not 
soluble in water, but very easily soluble in aqueous acids, even in aqueous 


carbonic acid. In this state, it is found in several mineral waters. (Ber- 


zelius. ) 
Ignited. . Berzelius. 
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c. Three-fourths Phosphate.—4Ca0O, 3PO0°.—Aqueous solution of phos- 
phorie-acid is saturated with the salt a; the solution mixed with alcohol; 
and the white precipitate formed, washed with alcohol and dried. White 
powder having an acid taste, and reddening litmus. With water it sepa- 
rates into the insoluble salt 6, and an acid salt which remains in solution 
[with one atom of acid?] (Berzelius, Ann. Chim. Phys. 2,167.) If the salt 
a recently precipitated 1s immersed in a solution of hydrated phosphoric — 


acid ignited just before it was dissolved in water, it gradually changes 
to a tenacious acid mass, which may be drawn out into threads, and sticks 


to the teeth ; after drying, it becomes yellow, transparent, and very - 
friable. This substance has the same composition as c, and is decomposed 
in the same manner by water, but contains metaphosphoric acid as well 
as ordinary phosphoric acid. (Berzelius, Lehrd. 4, 277.) Graham regards 


this compound as metaphosphate of lime. 


If one part of fused hydrated metaphosphorie acid is dissolved in 


8 parts of water, the solution saturated hot with the salt a, and evapo- 


rated,—foliated acid crystals are obtained, easily soluble in their own 


_ weight of cold water ; decomposed by alcohol and by ammonia, which - 


precipitate 50 per cent. of salt a; fusing when heated; swelling; up with, 
loss of 22 per cent. of water, and changing into a hard, tasteless mass 
. ; it ie RE 
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‘nsoluble in water or cold nitric acid [metaphosphate of lime]. | Conse- 
quently, the crystals contain 27 per cent. of lime, 51 of acid, and 22 of 
water [about 4CaO, 3PO° + 9 Aq.]. (Funcke, V. Zr. 8, 2, 17.) 

d. Monophosphate.—A solution of the salt a or 6 in phosphoric, hydro- 
- chloric, or nitric acid, 1s evaporated to the crystallizing point. Small crys- 
talline scales having an acid taste, and becoming moist and viscid in the air. 
The salt, when ignited, loses water and fuses to a clear glass [of metaphos- 
phate of lime] which is insoluble in water, and when distilled with char- 
coal gives off a portion of its phosphorus [just. two-thirds] in the free 
state. On this property 1s founded the ordinary method of preparing 
phosphorus (II., 104). (Berzelius, Lehrb. 4, 276.) 

e. Superphosphate.—lf 155°4 parts of salt a or of bone-ash are 
digested in water and more than 98 but less than 147 parts of oil 


of vitriol, the liquid, filtered from the gypsum which is produced, con- . 


tains free phosphoric acid and monophosphate of lime, in variable propor- 
tions. If this solution is evaporated and the residue heated to low red- 
ness, it leaves a transparent, colourless, hard, readily fusible, and very 
acid glass. (Phosphorglas.) This may perhaps be regarded as a mixture 


of mono-metaphosphate of lime and hydrate of metaphosphorie acid, the © 


latter of which, when strongly ignited, partly volatilizes. 


q—E. PyRopHosPHATE OF Limr.—Chloride of calcium yields with 
pyrophosphate of soda a white amorphous precipitate a. If this precipi- 
tate is dissolved in a.saturated aqueous solution of sulphurous acid and 
the solution heated, the pyrophosphate of lime separates, as the sulphurous 
acid escapes, in the form of a crystalline crust 6, which floats on the sur- 
face of the liquid at first, but sinks to the bottom as it increases in bulk. 
Soluble to a small extent in water; insoluble in acetic acid and solution of 
pyrophosphate of soda. The crystals contain 3 atoms of water. Lime- 
water is likewise precipitated by pyrophosphoric acid: c. The precipitate 
again dissolves in a large excess of the acid. 


Schwarzenberg. 
Calculation. a. b. ¢. 
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The salt 6 was ignited previous to analysis, (Schwarzenberg, Ann. 
Chim. et Pharm. 65, 2.) FT 
~ F. Merapnospuate or Lime.—This salt is obtained in the anhydrous 
state by igniting ordinary monophosphate of lime; it then forms a turbid 
insoluble glass. Hydrated metaphosphate of lime is precipitated as a clear 
semifluid mass of the consistence of pitch, by adding metaphosphate of 
soda to an aqueous solution of chloride of calcium. (Graham, Pogg. 32, 
70.) A solution of lime in excess of aqueous metaphosphoric acid 18 not 
immediately precipitated when supersaturated with ammonia; but after 
some days, as the metaphosphoric acid changes to the ordinary variety, 
a gelatinous precipitate is deposited from the mixture. (Liebig, Ann. 
Pharm. 11, 262.) 


CALCIUM AND SULPHUR. 


A. Monosunenipe or Catcrum.—1. By passing sulphuretted 


hydrogen gas over lime ignited in a porcelain tube, water and sulphide 


Ad 
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of calcium are produced. (Berzelius, Schw. 34, 12.)—2. Dry sulphate of 
lime is strongly ignited in a charcoal crucible, or mixed with 1 its weight 
of charcoal: 100 parts of ignited gypsum, heated to whiteness in a char- 
coal crucible, yield 51°52 parts of sulphide of calcium. (Berthier, Ann. 
Chim. Phys. 22, 233; 24, 275.)—8. Pure lime or its carbonate is ignited 
with half its weight of sulphur in a close vessel. The Sulphide of lime, 
Lime-liver of sulphur, Hepar sulphuris calcareum, thus obtained, is a 
mixture of 3 atoms of monosulphide of calcium and 1 atom of sulphate 
of lime. 
4CaO + 4S = 3CaS + CaO, SO®. 


(Vid. Vauquelin, Ann. Chim. Phys. 6, 86; Osann, Kastn. Arch. 5, 96.) 
Canton’s Phosphorus (I., 193) is also a sulphide of calcium. 

Sulphide of calcium is white, with a reddish or yellowish tinge, 
opaque, friable, inodorous, of hepatic taste, and infusible at a white heat. 
It is scarcely altered by being roasted in-the fire. (Berthier.) When 
boiled with large quantities of water frequently renewed, it is slowly con- 
verted into a solution of double sulphide of hydrogen and calcium (bihy- 
drosulphate of lime), and hydrate of lime which remains undissolved; a 
portion of sulphide of calcium still continuing mixed with it. (H. Rose, 
— Pogg. 55, 433.) 


Calculation. 
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appears, according to H. Rose, to have no existence. 


B. Hypratep SuLPHIDE oF Hyprogrn anp Catcium, or BI-HyY- 
DROSULPHATE OF Lime.—1. Sulphuretted hydrogen gas is passed into 
water in which hydrate of lime or sulphide of calcium is diffused, as long 
as it continues to be absorbed. It is only by using a large quantity of 
water that the whole of the hydrate of lime or the sulphide of calcium can 
be converted into this soluble compound; when the quantity of water is 
too small, sulphide of calcium remains undissolved. However long, there- 
fore, sulphuretted hydrogen may be passed through hydrate of lime, 
nothing is obtained but sulphide of calcium, together with a small quantity 
of bihydrosulphate of lime which dissolves in the water set free from 
the hydrate of lime. For the same reason, the aqueous solutions of 
chloride of caleium and the double sulphide of ‘hydrogen and potassium, 
when mixed in a concentrated state, give a slimy precipitate, with 
abundant evolution of sulphuretted hydrogen; whereas, the same solutions | 
when diluted yield no precipitate whatever; because, in this case, a solution 
of double sulphide of hydrogen and calcium is produced (bihydrosulphate 
of lime). (Berzelius.) Moistened hydrate of lime alone does.not absorb 
sulphuretted hydrogen gas with near so much rapidity as when mixed 
with sulphate of soda; because, in the latter case, sulphate of lime and 
bi-hydrosulphate of soda are formed, the latter of which can exist when 
only a small quantity of water is present. (Graham, Phil. Mag. J. 18, 
519.)—2. Sulphide of calcium is repeatedly boiled with water, and filtered. 
The colourless solution has a sharp, bitter, hepatic taste, and a slightly 
corrosive, alkaline reaction. 

The solution evaporated in ‘vacuo or in an atmosphere of hydrogen 
gas, evolyes sulphuretted hydrogen; deposits needles; and when near dry~ 
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“ness, swells up, with rapid evolution of sulphuretted hydrogen, and leaves’: °.... 

~~ sulphide of calcium. (Berzelius, Pogg. 6, 442.) The solution evaporated at 

in a retort containing air, suffers a large quantity of sulphuretted hydrogen. | 
to escape with the steam; deposits sulphate of lime in the form of a white _ 
powder on further concentration; and when still further evaporated and ~~ 


ms - ~ cooled, yields orange-coloured needles of. the compound D, while the 
-_. mother-liquid still retains bi-hydrosulphate of.lime. The hyposulphite of _ 
. Time produced by contact of air imparts sulphur to a portion of the ¢ 


sulphide of calcium, and is itself converted into sulphite; and the penta- 


Bee sulphide of calcium thus formed, produces the yellow needles by combining eee 


with lime which-has lost its sulphuretted hydrogen. (H. Rose.) 


“ C. “PENTASULPHIDE or Cauctium and HypRosuLPHITE OF LimE.— 
Monosulphide of calcium ignited with sulphur does not take up any por- 


ee tion of that substance. (Berzelius.) One part of monosulphide of calcium — 


or of ‘hydrate of lime is diffused in water, boiled for a long time with 
‘sulphur, and filtered. When hydrate of lime is used, the solution likewise 


contains hyposulphite of lime (II., 193, 4); and if the lime is in excess, the — 


following compound D is formed, and crystallizes out on cooling. The ~~ 
reddish brown—or, when more diluted, reddish yellow—filtrate, evapo- 
rated in vacuo, yields an amorphous, yellow mass, which loses sulphur — 
when heated, and is converted into monosulphide of calcium ; it is soluble 
in water and alcohol. (Berzelius.) Carbonate of ammonia, potash, or 
soda, precipitates carbonate of lime from the solution, and forms hydro- 
sulphite of ammonia, potash, or soda. |For the behaviour of the aqueous 
solution: on exposure to the air, and with acids, &c., see II., 228. ] “ 


* 


D. HypRAtep PENTASULPHIDE OF CALCIUM AND Limp, or SEX-BASIC 
Hyprosunpuire or Limg,—Formed: 1. By boiling sulphur with excess 
of lime and water, . — dhe Are eS Ve Ae ponte o 

13CaO.,+ 128 = 2(5Ca0, CaS*) + Ca0S7O% 
or: 13CaO + 128 + 2HO = 2(6Ca0, HS) + CaO, S07, 


—2. By boiling the hydrated bi-hydrosulphate of lime in the air, where- 
upon oxygen gas is absorbed and sulphuretted hydrogen evolved. 


6(CaS, HS) + HO'+ 40. = 5CaO, CaS’ + 7HS. 
or: 6(CaO,2HS) + 40 = 6Ca0, HS + 4HO + 7HS. 


Two parts of lime and one part of sulphur are boiled for a considerable 
time with water—the filtrate cooled in a close vessel—and_ the resulting. 
crystals washed with cold water, and dried in vacuo over oil of vitriol. 
(Herschel, Ann. Chim. Phys. 14, 353.) a “a | 

 Orange-coloured, transparent, irregular, six-sided prisms, withirregular 
trihedral or with dihedral summits. (Bucholz & Brandes, Schw. 22, 43.) 
-Four-sided prisms, with dihedral summits; of caustic, bitter, hepatic taste.. 
(Herschel.) Forms a yellow powder, and has an alkaline: reaction. 
(Buchner, Schw. 16, 397.) The crystals, when: thoroughly dry, ‘remain 
unaltered in the air. (Herschel.) When moistened, they lose their colour, 
and are converted into hyposulphite of lime. (Buchner.) Heated out of 
contact of air, they evolve water and sulphur, without change of form, an 
leave a white residue, which, when treated with hydrochloric acid, gives. 


off hydrosulphuric acid and deposits -sulphur; it also contains sulphate 
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~~ erystals, yielding hydrosulphurie acid, sulphur, and chloride of calcium. 
(Buchner, Bucholz, Brandes, Herschel, Rose.) They, do not evolve 


“hydrosulphuric acid when mixed with protochloride of manganese. (H. 


en Rose.) Mixed with a large quantity of water, added in successive — 


oe portions, they leave’a residue of hydrate of lime, while pentasulphide of 
calcium remains in solution. (H. Rose); they likewise deposit: hydrate of 


Es ae when treated with boiling water, but dissolve completely in 400° 


ae _ parts of cold water. (Buchner.) Insoluble in alcohol (soluble, according — 
_ to Gay-Lussac.) Peay Face es | Decare 
pe oO Crystallized. 2° Ors H. Rose.” 
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K. Hyposutpuite oF Lime.—Hydrate of lime is boiled in water with 
sulphur, and through the filtrate containing hydrosulphite and hyposul- 
phite of lime, sulphurous acid gas is passed till the liquid becomes colour- 

_ less (Herschel); or the liquid is exposed to the air till it loses its colour. 
-(Gay-Lussac, Ann. Chim. 85, 200.) The filtered solution is evaporated 
at a temperature not exceeding 60°, and-then cooled.. Large, transparent, 
colourless six-sided prisms. (Herschel.) The crystals belong to the system 
discovered by Mitscherlich (1., 16, y). Fig. 120; a4 :u = 94° 9; 
eget. Lia ha 10 (2,23 a om = 98 2 3. elie = 16S ae 
Bere lot BON sys == 78° TO; ¢ 2m: = 90°; &o. (Mitscherlich; 
Pogg. 8, 427.) The crystals effloresce in vacuo over oil of. vitriol at 
ordinary temperatures; but not below 40° in the air. (Herschel.) 
Heated out of contact of the air, they lose water and sulphur, leaving a 
mixture of sulphide of calcium and sulphate of lime, probably also mixed 
with sulphite. (Rammelsberg, Pogg. 56, 302.) When a concentrated 


' aqueous solution of the salt is heated above 60°, it is resolved into 


_ sulphite of lime and sulphur. From the aqueous solution, carbonate of 
potash throws down a portion of the carbonate of lime as a glutinous 
~tmass; the rest does not-separate till the filtrate is heated, or lime-water 
- added; it is then precipitated in the ordinary flakes which soon become 
granular. One part of the salt is soluble in one part of water at 3°. (Her- 
schel, Ann. Chim. Phys. 14, 355; also Pogg. 25, 628.) : 


“ Crystallized, according to Herschel. 
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+ FF. Sunenire or Lime.—a. Monosulphite-—Ca0, SO? + 2Aq.—At 
_. ordinary temperatures, burnt lime does not absorb sulphurous acid gas, 


~ of lime. (H. Rose, Poyg. 55, 433.) _Hydrocliloric acid decomposes. the : a 
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—hvdrate of lime absorbs it with facility. This salt is precipitated as 
a white powder on mixing sulphurous aci with lime-water, or sulphite of 
potash with chloride of calcium ; it crystallizes from a solution containing 
excess of acid—in which it is readily soluble—in six-sided prisms with 
six-sided summits; tastes slightly hepatic. It contains, according to 
Foureroy & Vauquelin, 47 per cent. of lime, 48 of sulphurous acid, and 5 
of water. Ignited out of contact of air, it is resolved into a mixture of 
sulphate of lime and sulphide of calcium. Effloresces in the air, and is 
converted into sulphate of lime.’ Soluble in 800 parts of cold water. 

b. Acid-sulphite.—Prepared by dissolving the neutral salt in aqueous 
solution of sulphurous acid; or, according to Liebig (Ann. Pharm. 17, 
72), by saturating an aqueous solution of sulphurous acid with carbonate 
of lime. 


G. Hyvosunprate or Limu.—Produced by precipitating the man- 
ganese-salt with milk of lime. Coincides in crystalline form, and in the 
magnitude of its angles, with the strontia-salt; remains unaltered in the 
air; leaves, after ignition, 50°25 per cent. of sulphate of lime; dissolves 
in 2°46 parts of water at 19°, and in 0°8 parts of boiling water. Insoluble 
in alcohol. (Heeren.) 

Crystallized, according to Heeren. 


Cae Asvisscnhedsnventee ones QEi, | Annet 20°59 
Oe es eerada rnitiaysiees te pam te 52°94 
ATO ss crcoaceemeiterens a OR ri 26°47 
BUR ne See be tp ne OR epee ae 
CaO, 820° + 4Aq.... 136) ........ 100-00 


H. Surpnare or Live.—Found native in the anhydrous state as 
Anhydrite. Quicklime does not absorb the vapour of anhydrous sulphuric - 
acid at ordinary temperatures, but only at a heat approaching redness. 
(H. Rose, Pogg. 38, 117.) --When oil of vitriol is poured upon quick- 
lime, large quantities of material being used, the whole becomes perfectly 
red hot. (Kastner, Kastn. Arch. 16,229.) Burnt lime on which oil of vitriol 
or dilute sulphuric acid is dropped, emits light visible in a dark room. 
(Heinrich.)  Cale-spar, limestone, or chalk, either cold or moderately 
heated, is not decomposed by exposure to the vapour of anhydrous sul- 
phuric acid, or of oil of vitriol: in the latter case however, a thin stratum 
of sulphate of lime is formed, but it does not increase. (Marx, WV. Br. 
Arch. 15, 103.) Sulphate of lime is obtained in the anhydrous state by 
igniting gypsum. In this state it is called Burnt Gypsum. 
~ Anhydrite belongs to the right prismatic system ; Fig. 70, with an 
m-face between wi and vu. p:woru = 90°; t:m = 90; w i= 
100° 8'; ul :¢ = 129° 56); w:m = 140° 4" Cleavage parallel to p, ¢, 
and m. (Hauy.) Ignited gypsum forms a white powder. Specific gravity 
of anhydrite at 4°, in vacuo = 2°96 (Royer & Dumas); specific gravity 
of the artificial salt = 2°9271. (Karsten.) Fuses at a strong red heat, 
and solidifies, on cooling, to a white opaque crystalline mass, Reduced by 
ignition with charcoal (or with carbonic acid gas; Leplay & Laurent) to 
sulphide of calcium. Not decomposed by fusion with common salt. 
(Trommsdorff.) [For the decomposition of the aqueous solution by the 
presence of organic matter, vd. II., 191.] 

Thomson, Kirwan, 
; Chene- Klap- Berze- Berg- Wen- 
Crystallized. Richter, Bucholz. vix. roth. lus, man. zel. 
CaO 5.226 128 41°18 44°33 43°4 43 42°43 42 41 40°2 
2) 8 ae ea “40 58°82 55°67 56°6 57 57°57 58 59 59°8 


CaO, 803... 68 10000 10000 1000 100 10000 100 100 100-0 
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Combinations with water: 

~a. Di-hydrated Sulphate of Lime.—This compound was deposited from 
the water in a boiler which was working under a pressure of two atmo- 
spheres; it formed a greyish granular mass, of specific gravity 2°757, 
appearing under the microscope in the form of small transparent prisms, 
coloured with carbonaceous matter. (Johnston, Phil. Mag. J. 18, 325; 
also J. pr. Chem. 16, 100.) 


Calculation. Johnston. 
Bila SOP) 3s eh PSG ok BRT Rr ead. 93°272 
PE ie St Oc eh 9 Abas. es 6°435 
Carbonaceous matter........ 0°293 
2(CaO, SO?) + Aq. .... 145. .... 100°00.% — cae 100°000 


8. Bi-hydrated Sulphate of Lime.—Found as Gypsum, Marienglas, 
Fraueneis, Alabaster, Lapis Specularis, &c. Moderately burned gypsum 
mixed with water forms a paste at first; but this quickly hardens, heat 
being evolved, and the water passing into the solid condition of water of 


erystallization: gypsum burned at too high a temperature, and native 


anhydrite enter but very slowly into combination with water. The 
harder the gypsum is before burning, the more solid does it become when 
subsequently mixed with water. (Gay-Lussac, Ann. Chim. Phys. 40, 436.) 
Artificial gypsum does not solidify so well with water after ignition as 
the native variety, unless it be previously submitted to powerful pressure 
while moist, and then dried and ignited. (Payen.) The crystalline sys- 


tem of gypsum is the oblique prismatic (Weiss); Fig. 114, and many 


other forms; a; a = 36° 7’; «@: m= 108° 3U; w: ul = 69° 233’; u:m 
= 124° 412’; the edge between aanda:¢ = 113° 8'. Cleaves with 
great ease parallel to m; less readily, parallel to ¢ and 2 (the edge between 
a and « is truncated; Hauy). From an aqueous solution, the hydrated 
sulphate of lime crystallizes in needles. Specific gravity at 0°, in vacuo 
= 2-322. (Royer & Dumas.). A solution of the variety known as Marven- 


glas in boiling water, atid likewise Marienglas heated till it exfoliates, 


turn reddened litmus blue. (Laugier, J. Chim. Med. 6, 325; Biewend, 


J. pr. Chem. 23, 252.) 


Bucholz, 
Crystallized. Giese. Klaproth. Berthier. Bergman. 
Un inves sivas Ob e825 (Hee gs an  33'OL... 328 2. 32 
“fh eae ene eee 408 re AGS is. ABS ae 4D°2 on 46 
2.55 ee ee ee TO Pease a cs 21 eee Aa 22 
ee rie ere re nn aa aan aD NRE AST SEGA TESS A RAE aE saa 
~ CaO,SO?+ 2Aq. 86... 100°00 .., 100... 100°0.... 100°0 .... 100 


Gypsum loses its water far below a red heat, splitting into layers and 
crumbling to a white powder. At 100°, in yacuo over oil of vitriol, it 
parts with half its water; the residue, containing 12°83 per cent. of water, 
does not solidify when mixed with water. In the air, it begins to lose 
water just above 100°, and becomes anhydrous at a temperature below 
132°. Gypsum deprived of its water at 132° (below 126°, Mitscherlieh) 
solidifies with water; but if the heat rises to 204° (beyond 160°, Mitscher- 
lich) the gypsum becomes over burnt, aud solidifies with water as slowly. 
as anhydrite. (Graham, Phil. Mag. J. 6, 422.) (For the experiments of _ 
Millon and Plessy on the effect of heat on hydrated sulphate of lime, vid. 
Liebig & Kopp’s Jahresbericht, 1847-1848, p. 395.) The powder of - 
unburnt gypsum solidifies also when mixed with aqueous solution of pot-. 
ash or of various salts of potash, instead of water, hydrated double salts 


cles 
ey 
See 
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being probably formed. This effect is produced by solution of potash, — 
by the carbonate and bicarbonate of potash (in the latter case with violent — 
effervescence), by sulphate, bisulphate, and silicate of potash, and by 
tartrate of potash and soda. On the other hand, chlorate and nitrate 
of potash and all the salts of soda produce no reaction. The solidification 


ig more rapid than with burnt gypsum and pure water; instantaneous 


ae” 


indeed with the tartrate of soda and potash. The solidified mass resem- 
bles common hardened gypsum, both in appearance and hardness. A 
mass of this kind, when reduced to powder, hardens again on being mixed 
with a fresh solution of some salt of potash. (Emmet, V. Hdinb. Phil. J. 
15, 69; also J. Pharm. 19, 685.) 

Gypsum dissolves, according to Bucholz, in 460 parts of cold and in 
the same quantity of hot water; according to Giese, in 380 parts of cold 
and 388 parts of boiling water. The solution has a weak, faint taste. 
The solubility of gypsum in water is increased by the presence of sal- 
ammoniac; but no decomposition is produced by double affinity. (A. Vogel, . 
J. pr. Chem. 1,196.) By the addition of sulphate of soda (0. Henry, J. 
Pharm. 12, 31),—of common salt (the solution in this case not being” 
precipitated by dilute sulphuric acid; Trommsdorff, NTP 181s Boe 
Wackenroder, dnn. Pharm. 41, 316),—and of succinate of ammonia 
(Wittstein, Repert. 57, 18). eee 


I. SutpurpE or CarBon AND Caxtctum and HypRo-sULPHOCARBO- 
NATE oF Limz.—By digesting sulphide of calcium with excess of bisul- 
phide of carbon and water, at 30°, ina close vessel, a dark red liquid is 
obtained; and this, when evaporated in vacuo, yields a mass which is 
yellowish brown and crystalline at first, but assumes a pale yellow colour 
when perfectly dry; by exposure to the air, it again changes to brownish 
yellow from absorption of water. This substance is readily dissolved 
both by water and alcohol; water however leaves a reddish yellow basic 
salt of a peppery but not hepatic taste; it is always formed when the 
bisulphide of carbon is not used in excess. The aqueous solution of the 
neutral salt is decomposed by boiling, with separation of carbonate of 
lime. (Berzelius.) — | Be 


CALCIUM AND SELENIUM. 


_ A. MonosELENIDE oF CALciuM.—l. Aqueous solution of chloride — 
of calcium is precipitated by protoselenide of potassium. Flesh-coloured 
precipitate.—2. Selenium is heated with lime fill the mixture becomes 
red-hot. There remains in this case a light reddish brown mixture of 
selenide of calcium and selenite of lime, which assumes a flesh colour 
when powdered, is destitute of taste and smell, and insoluble in water.— 
3. The hydrated selenide of hydrogen and calcium preserved in a loosely 
stopped bottle, deposits [mono?] selenide of calcium in right four-sided 
prisms of a dark brown colour and opaque. (Berzelius, Schw. 23, 443.) 


B. Hypratep SELENIDE oF HyprocENn anp Caxtcium or B1-ny- 
DROSELENIATE OF LimE.—Lime-water is saturated with seleniuretted 
hydrogen, out of contact of air. The air contained in the lime-water 


causes cloudiness, and subsequently forms a red precipitate. The clear 


liquid resting above this precipitate acquires a red colour by exposure to 


the air, commencing at the top, extending downwards, and constantly 
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increasing in strength, but unaccompanied by turbidity. A film and crys- 
tals of selenide of calcium are gtbsedubntly deposited, and the liquid 
again becomes colourless, still retaining a portion of lime in solution. 
(Berzelius, Schw. 23, 465.) - 


C. PoLYsELENIDE oF CaLctum.—Formed—mixed however with sele- 
nite of lime—by heating lime with selenium to a temperature just below 
the point of ignition. Brownish black, coke-like mass, yielding a reddish 
brown powder, without taste or smell, and insoluble in water. It is con- 
verted by ignition into A, 3, with loss of selenium,—and is decomposed 
by acids, into lime which dissolves, and red bulky flakes of selenium. 
No seleniuretted hydrogen is evolved; because it is decomposed by the 
selenious acid set free at the same time. (Berzelius. ) 


D. SeLenite or Lime.—a. Monoselenite—CaO, SeO. Gradually depo- 
sited during the solution of carbonate of lime in hydrated selenious acid. 
Soft, crystalline powder (gritty crystals, MWuspratt), which fuses at a red 
heat, and in this state attacks glass powerfully, blistering it in a remark- 
able manner. Slightly soluble in water. (Berzelius.) 

b. Biselenite.—Prepared by dissolving a in aqueous solution of seleni- 
ous acid: crystallizes in very small prisms, which are permanent in. the 
air, and lose half their acid by exposure to heat, or by contact with 
ammonia. (Berzelius, Schw. 23, 454.) 


CALCIUM AND IODINE. 


A. ProtropipE or Catcium.—A solution of lime in aqueous hydrio- 
dic acid is evaporated to dryness, and heated out of contact of air. White 
—tastes like chloride of calcium—fuses below a red heat—and is subse- 
quently decomposed, on the admission of air, into lime and vapour of 
iodine. It is very soluble in water, and deliquesces when exposed to the 
air. (Gay-Lussac, G'ilb. 49, 237.) A solution concentrated by evapora- 
tion yields, on cooling, long needles of hydrated iodide of calcium or 
hydriodate of lime. The solution is colourless, and, when exposed to the 
air, becomes covered with a film of carbonate of lime. (Berthollet, J. 
Pharm, 13, 416.) 


B. HypratEp PeriopipE oF Catcium or HypriopITE oF LimE.— 
A concentrated aqueous solution of iodide of calcium dissolves iodine 
freely, forming with it, when saturated, a black liquid, which, when eva- 
porated under a bell-jar near a dish containing hydrate or carbonate of 
potash, yields large, dark grey crystals, having an almost metallic lustre. 
From a concentrated solution of this substance, hydrate of lime throws 
down a black, pulverulent, basic compound, which is decomposed by the 
addition of more water, with separation of iodine. (Berzelius.) 


C. Ioprpg or Limn?—a. When vapour of iodine is passed over lime 
ignited in a porcelain tube, the iodine combines with the lime without 
liberating oxygen gas. A solution of this substance in water possesses a 
powerful alkaline reaction. (Gay-Lussac.) When strongly heated, it 
evolves iodine. (Grouvelle.) : 

6, Hydrate of lime rubbed up in a mortar with excess of iodine, and 
exposed in vacuo to a temperature of 30° beside a solution of potash, till 
the exeess of iodine has evaporated and been absorbed by the potash, 
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yields a black mass. This is decomposed by water into a dark brow 

liquid and a black residue, which, on being washed with water, first 

becomes blue, and then changes into hydrate of lime. (Berzelius, Pogg. 
19, 296.) 


D. IopaTE or Limz.—Crystallizes slowly from the mixed solutions of 
iodate of potash and chloride of calcium in water (Pleischl); a large quantity 
of the salt however remains dissolved. (Rammelsberg.) The crystals are 
rendered anhydrous by heat. The dry salt gently ignited in a porcelain 
retort evolves 14°785 per cent. of oxygen and 54:072 of iodine, leaving 
a residue amounting to 31:143 per cent., and consisting chiefly of penta- 
basic periodate of lime; but when heated more strongly, it evolves a still 
larger amount of oxygen (in the whole 17-176 per cent.) and of iodine 
(in the whole 62°478 per cent.), and leaves 20°346 per cent. of a mixture 
of pentabasic periodate and much free lime, which may be separated by 
water. (Rammelsberg, Pogg. 44, 576.) Iodate of lime detonates violently 
on ignited charcoal. (Gay-Lussac.) When treated with concentrated hy- 
drochloric acid, by which it is readily dissolved, it yields an orange- 
coloured liquid, smelling of terchloride of iodine, and similar to that 
yielded by iodate of potash; it does not however yield crystals of the 
double chloride of iodine and calcium. (Filhol.) 


Hydrated Iodate of Lime.—Four-sided prisms, or in powder. The 
crystals effloresce in the air, with partial loss of water, and become anhy- 
drous at a temperature below 200°. (Rammelsberg.) They dissolve in 
454 parts of water at 18°, and in 102 parts of boiling water (Gay-Lussac) ; 
in 253 parts at 15°; in 75 parts of boiling water; and much more abun- 
dantly in nitric acid. From the latter solution, the salt is precipitated in 
prisms by ammonia. (Rammelsberg.) Alcohol separates the salt from an 
aqueous solution. (O. Henry.).- 


Anhydrous. Crystallized. Rammelsberg. 

SOHO: Aion ase 28: sy.0, 24°49 CaO coicaiieveese 28. 3. 5 LE oe 
BOOS Fi. cete 166... 85°57 DOP G,. .2 ciety ten yet 166 ..... 69°46 .... 68°60 
5 © Baanseen ons, ha 45...) 18°83 an eee 

ee bern ce ne a cent ae es A SS AAC A eT 
CaO, 10° 194 .... 100°00 CaO,10°+ 5Aq. 239 .... 100°00 .... 100°00 


E. Pertopate or Limn.—a. Pentabasic salt. Remains after the igni- 
tion of iodate of lime in a retort, and is purified from the free lime mixed 
with it, by digestion in water. (Rammelsberg.) 


6. From a neutral mixture of hyperiodic acid and soda, chloride of 
calcium sets a portion of acid free, and precipitates a white basic salt 
easily soluble in dilute nitric acid. (Benckiser, Ann. Pharm. 1Y, 259.) 


CaLcruM AND BROMINE. 


A, Bromipr or Catcrum.—1. A solution of lime or of carbonate of 
lime in aqueous hydrobromic acid is evaporated to dryness and heated. 
(Léwig.)—2. An aqueous solution of bromide of iron is decomposed by 
lime; boiled in the air till the green precipitate assumes a brick-red 
colour; then filtered, evaporated to dryness, and heated. (O. Henry, J. 
Pharm. 15, 52.)—8. Lime is ignited in vapour of bromine. (Lowig.)— 
White substance, having a sharp bitter taste. (Léwig.) Fuses at a full 
red heat to a white mass, emitting at the same time an odour of bromine, 
in consequence of partial decomposition. With oil of vitriol it evolves 
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hydrobromic acid at first, then bromine and sulphurous acid. (O. Henry.) 
It evolvesheat by contact with water, and deliquesces rapidly in the air, 
(Léwig.) Very soluble in alcohol. (O. Henry.) ~ 


Calculation. 
GE: RR aa rem 20°0 20°33 
Bgcanneabrers (ise Ban ates 79°67 
C2 Brees ar Core tale 100-00 


Hydrated Bromide of Calcium, or Hydrobromate of Lime.—From a 
solution of bromide of calcium, colourless silky needles are obtained, but 
with difficulty. (O. Henry, Berthemot.) 


B. Hypratep BromIpE oF CaLciuM AND Lime or Bastc HypRoBRoO- 
MATE OF Lime.—By boiling bromide of calcium with milk of lime, filter- 
ing, and then allowing the solution to cool, delicate needles are obtained, 
resembling the tetrabasic hydrochlorate of lime, and decomposed by 
water into bromide of calcium, which dissolves, and an insoluble residue 
of lime. (Léwig.) 

An aqueous solution of bromide of calcium may be made to take up 
more bromine, but evolves it again when evaporated in a close vessel 
over hydrate of potash. (Berzelius.) 


C. Hyrospromite or Limn?!—An intimate mixture of hydrate of 
lime with a large quantity of bromine, deprived of the excess of bromine 
by evaporation in vacuo over hydrate of potash, leaves a dry, inodorous 
mass of a light cinnabar colour—probably a mixture of hypobromite of 
lime and perbromide of calcium.—The mass becomes yellow on the addi- 
tion of water, and partly dissolves, forming a yellow bleaching liquid, 
which deposits carbonate of lime on exposure to the air. The insoluble 
portion, treated with more water, continually becomes of a paler yellow, 
and at last leaves nothing but white hydrate of lime: the solution then 
contains bromate of lime together with the compound B. (Berzelius, 
Pogg. 16, 405; 19, 295.)—Balard (J. pr. Chem. 4, 165) has obtained the 
same compound. The cinnabar-coloured mass when exposed to the air, 
emits an odour of bromine, and deliquesces—with separation of hydrate 
of lime—to a yellow, powerfully bleaching liquid, which may be preserved 
in close vessels. A similar solution also may be prepared with bromine 
aud milk of lime; when evaporated in vacuo, it yields the same red- 
coloured mass. (Balard.) 

Bromine does not act on quicklime or carbonate of lime, but only on 
the hydrate. Milk of lime mixed with bromine produces a yellow bleach- 
ing liquid. This, when heated, evolves bromine, followed by oxygen gas, 
and leaves bromide of calcium or hydrobromate of lime. All acids, even 
carbonic acid, expel the bromine. The liquid oxidizes many of the metals, 
and gives with nitrate of silver a white precipitate which rapidly changes 
to black, and is composed of a mixture of oxide, bromide, and bromate of 
silver: the bleaching power is at the same time destroyed. But if the 
milk of lime is mixed with bromine in excess, so that it smells slightly of 
that substance, it yields, with a silver salt, a white precipitate of bro- 
mide of silver containing very little bromate, and retains its bleaching 
power: this power, however, gradually disappears, the change being attended 
with slow evolution of oxygen gas and separation of bromide of silver. 
(Léwig.) 


whys. ae Ck Pe os theme De ae eee a ee 
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D. Bromats or Lims.—Prepared by saturating an aqueous solution 
of bromic acid with lime (Léwig) or carbonate of lime. (Rammelsberg). 
It crystallizes in combination with water in large flat tables, having a 
_ sharp bitter taste (Lowig); in small, sharply acuminated prisms (Ram- 
melsberg).—The crystals do not lose water in vacuo at ordinary tempe- 
ratures, or in the air below 100°; they do not become anhydrous till 
heated to 180°. The anhydrous salt is decomposed by ignition into oxy- 
gen gas aud bromide of calcium, which remains in the form of a loose 
white mass. (Rammelsberg.) The salt detonates on ignited charcoal. 
(Léwig.) It is soluble in 1-1 part of cold water ; the saturated solution 
is of a syrupy consistence. (Rammelsberg, Pogg. 52, 88.) 


Anhydrous. 

CaO 2c OES) Tc 19°12 

Br oeeaw GE eae ae rte 80°88 

CaO, Br@5 ... 1464 seen 100°00.... 

Crystallized. Rammelsberg. 

CaO tides b tee pee 24s Ue ae 18°02 Yh Gier 18°092 
Bi) dal haere Bi ee 70°29 (ree 75°939 
HO ye oe ee as O50 enc: 5°79 5°969 
CaO, BrO® + Aq... 1565°40 Gk. 100°00 suid 100°000 


CALCIUM AND CHLORINE. 


A. Cutorws or Cantcrum.—Found in many springs.—Lime heated 
in chlorine gas absorbs it, and evolves half a measure of oxygen gas.— 
Lime heated in hydrochloric acid gas absorbs it rapidly, with evolution 
of heat but not of light, and-formation of water. (Chevreul.)—At a white 
heat, also, lime forms chloride of calcium with hydrochloric acid gas; and 
with a mixture of equal volumes of hydrochloric acid gas and carbonic 
acid gas, chloride of calcium and carbonate of lime are produced. 
(Petzholdt.) Lime, on which aqueous hydrochloric acid is dropped, 
emits light visible in a dark room. (Heinrich.)—Chloride of calcium 
rendered anhydrous by heat is white, opaque, and porous; but after fusion 
forms a dense, transparent mass, of crystalline granular texture ; specific 
gravity about 2°0401 (Karsten); 2°214 to 2°269 (Pol. Boullay). Fuses at 
a strong red heat (Dulong); is rendered phosphorescent by irradiation 
(Homberg’s Phosphorus); a non-conductor of electricity (H. Davy); has a 
rough, bitter taste. 

By ignition in the air, a small portion of the chloride of calcium is con- 
verted into lime, so that the solution has an alkaline reaction. (Liebig.) 
The longer it is ignited, especially if frequently moistened with water, 
the larger is the quantity of lime left behind on subsequently dissolving 
it in water. If it be fused in a platinum crucible, the lime produced 
attacks the platinum strongly, and the mass acquires a brownish grey 
colour. (E. Kraus, Pogg. 48, 138.)—If carbonic acid gas is passed for an 
hour and a half into a crucible containing chloride of calcium kept at a 
white heat and stirred up with a rod of pipe-clay, a dark-brown mass is 
obtained, from which water extracts chloride of calcium and a small 
‘quantity of caustic lime,—while light-brown flakes, consisting of car- 
bonate of lime, platinum, and a little silica from the ‘pipe-clay, remain 
undissolved. (Petzholdt, J. pr. Chem.17, 464.)—Chloride nly calcium, 
treated with oil of vitriol, gives off hydrochloric acid gas. Distilled with 
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aqueous acetic acid, it yields more or less hydrochloric acid, with forma- 
tion of acetate of lime. (Buchner, Repert. 14, 489.) 


Calculation. Ure. Dobereiner, 

ee ora vc ntv aes ha UCLA pagar ec CS Oi ee aaa 36°7 : Ree 38°46 

Ea ale Se 35'4 OS PENS ae cain Ch ree aa 61°54 

Seek eats. OOS) 1.0 LOO TORR OE i 100°00 

Calculation. Berzelius. Marcet. © Wenzel. Berthollet. 

OC ee ii pos, Tie 200UOy.... Ae700°5E iy POL TAG ye Oem, all M9554 487 
1 8 8 ed eal eee 21 E 4946 ABS BS F 6 49288 Si Shins -573 
CaO, MuO? ........ 55°4... 100°00_ .... 100°000 .... 100°00 .... 100 .... 100°0 


Sex-hydrated Chloride of Calcium or Penta-hydrated Hydrochlorate of 


Lime.—Finxed sal-ammoniac, Sal-ammoniacum fixum.—Chloride of cal- 
cium combines with.water, the combination. being attended with evolu- 
tion of heat. It absorbs water greedily from other substances, especially 
the gases, and deliquesces rapidly in the air. Chloride of calcium is 
obtained as a by-product in the preparation of caustic ammonia and 
carbonate of ammonia; in an impure state, also, from the mother-liquor 
of many salt-springs. A highly concentrated, hot solution yields erys- 
tals on cooling. Regular six-sided prisms, often striated (as Fig. 146, 
but with the p-face) ; 7 : ¢ = 120° to 121° or nearly so. The crystals melt 
considerably below 100°.—If kept for twelve days in vacuo in the summer 
time, they part with 4 atoms of water and become opaque, but do not 
fall to pieces: after this change, they resemble talc, and retain only 
2 atoms of water, CaCl, 2HO. (Graham, Ann. Pharm. 29, 31.) At 200° 
they fuse and part with 4 atoms of water, leaving a white porous mass. 
(Mitscherlich.) They effloresce when placed over oil of vitriol under 
the evaporating receiver. (Bonsdorff.)—Heated above the melting point, 
but still below ignition, the compound swells up strongly and gives off 
the whole of its water. 


Crystallized Chloride of Calcium. Berzelius. 

0 6 PE Serre S54) 382/45 O64 vy: 50°397 
a C0 Borer aera Spates: ee hc. 49°30) Shank 49°603 
CaCl +6Aq. W854, LO9s4N 34... 100700). Tek 100-000 
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CaCl + 6Aq corresponds to the most highly concentrated hydrochloric 
acid (1I., 324) = HCl + 6Aq. (Kane.) 


Anhydrous chloride of calcium dissolves in water with evolution of 
heat; the crystallized salt, with production of cold; but both deliquesce 
rapidly in the air. 100 parts of chloride of calcium in powder exposed to an 
atmosphere saturated with moisture, absorb 124 parts of water in 96 days; 
much more, therefore, than is required for complete deliquescence. (Brandes, 
Schw. 51, 433.)—Crystallized chloride of calcium dissolves in half its 
weight of water at 0°, in one-fourth of its weight at 16°, and in every 
proportion of hot water. Both dry and hydrated chloride of calcium are 
readily soluble in alcohol. - 
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Strength of an Aqueous Solution of Chloride of Calcium, according to LK 
) Richter. (Stéchiom. 3, 171.) : ne 


Sp. gr. Per cent. Sp. gr. Percent. Sp. gr. Per cent. Sp. gre Per cent. 
1°45 41°91 1:33 34°57 4-21 23°93 1:09 ti-2s 
1°42 40°43 1°30 32°35 1:18 20°85 1:06 7°66 
1:39 38°31 Ae 29°67 1°15 17°60 1°03 3°95 
1°36 36°49 1:24 26°86 ast? 14°42. , 


B. Hypratep Cuore or Catctum anp Lime or HypRATED 
TRERA-HYDROCHLORATE oF Lime.—Noticed by Bucholz and Tromms- 
dorff, also by Berthollet, (Stat. Chum. 1, 350), and more particularly ex- 
amined by H. Rose, (Schw. 29, 155.) When chloride of calcium is boiled 
with hydrate of lime in a small quantity of water, or when the residue 
obtained in the preparation of liquid ammonia is exhausted with a small 
quantity of water and filtered hot, this compound crystallizes out in long 
slender needles as the solution cools. These crystals are resolved by water 
or alcohol inte chloride of calcium which dissolves, and hydrate of lime 
~svhich remains undissolved; water, however, takes up a small portion of 
lime together with the chloride. The carbonic acid of the air converts the 
crystals into a mixture of carbonate of lime and hydrated chloride of cal- 
cium. (H. Rose, wd. also Palm, Taschenb. 1821, 167.) 


Crystallized. Or: H. Rose. 

“UC, ea ee ROI ae 84:0 29°64 4ACaO .... 112°0 39°52... 41°226 
(OER G LS oe sb ery rae nen 55°4 19°55 . MuO*..... 27°4 OG tiinn 9°690 
GEL) icles ccdecesunsetsnewts 144°0 50°81 16HO.... 144°0 50°81. .... +49°084 
be pet EE a tn ae rr 

3CaO, CaCl + 16Aq. 283°4 100°00 283°4 100°00 .... 100°000 


C. Hypocutorite of Lime.—Known only in a state of mixture, 
with chloride of calcium in equivalent proportions, forming the compound 


called Chloride of Lume. 


a. Chloride of Lime in Powder.—Formation.—Chlorine gas is not 
absorbed by quicklime or by carbonate of lime. Hydrate of lime and 
milk of lime absorb it rapidly, with rise of temperature, and nearly in 
atomic proportions. 

2CaO + 2Cl = CaCl + CaO, ClO. 


Jn saturating dry hydrate of lime with chlorine gas, Weiss observed 
an emission of light. (Kastn. Arch. 25, 182.) By saturating hydrate of 
lime rapidly with chlorine gas, its temperature may be raised to i19°. 
(Morin.) ‘One atom of lime slaked with only 3 At. water absorbs 
but 1 atom of chlorine ; slaked with from 1 to 2 atoms of water, however, 
it absorbs 3 At. chlorine. (Morin.) According to Welter and Dalton, 
one atom of hydrate of lime never absorbs more than At. chlorine. 
This, however, is to be explained by the fact that lime slaked in the 
ordinary way is generally mixed with portions of quicklime, and on this 
account cannot be perfectly saturated with chlorine. Lime slaked with 
a large quantity of water—the excess of which is afterwards driven off at 
a heat a little above the boiling point—absorbs chlorine nearly in the 
proportion of one atom of chlorine to one atom of lime (53 parts of chlo- 
pine to 47 parts of lime.) (Houton-Labillardiére.) According to Ure, 28 
parts of lime exposed in the state of hydrate to chlorine gas, absorb from 
24 to 28 parts, or not quite one atom, though much more than half anatom 
of chlorine. If the chlorine is passed at first in too great quantity over 
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the hydrate of lime, absorption takes place so rapidly that the tempera- 
ture rises very considerably. Even if the heat evolved reaches only 30° 
or from that temperature to 119° (86° to 246:2° F.), the lime absorbs the 
same quantity of chlorine gas as in the cold, but is found to possess only 
two-thirds of the bleaching power. Hence a temperature between 80° 
and 119° causes the change of 4 of the chloride of lime (or hypochlorite 
of lime) into chloride of calcium and chlorate of lime; this change occurs 
without any escape of oxygen gas. (Morin.) According to E. Dingler, 
pen gas is evolved when the absorption is attended with evolution 
of heat. 

Preparation. Well slaked lime is saturated with chlorine gas, rise of 
temperature being carefully avoided. On the large scale, the lime is 
slaked by immersing sieves filled with it in water and withdrawing them 
again immediately, whereupon the lime crumbles to powder. By this treat- 
ment, however, the lime is but imperfectly slaked, and contains too little 
water: at should therefore be slaked with a large quantity of water, and 
brought to the consistence of cream, and the excess of water afterwards 
expelled by heat. (Houton-Labillardiére.) An excess of water in the 
hydrate of lime renders the absorption more difficult. (Dingler.) The 
chlorine gas must be slowly passed into the hydrate of lime at the com- 
mencement,—otherwise the temperature will rise and the bleaching 
power will be weakened. Labarraque (J.. Chim. Med. 2, 165), mixes the 
moistened hydrate of lime with 1, of its weight of common salt, by which 
means the absorption is greatly facilitated. | 

On the large scale, the chlorine is prepared from peroxide of man- 
ganese and hydrochloric acid (or peroxide of manganese, common salt, 
and sulphuric acid) in vessels of cast iron, lead, glass, or earthenware, 
heated by steam or ina sand bath. The gas is passed through a leaden 
tube into a leaden vessel containing water, where the impurities are 
deposited, and then into the hydrate of lime. The lime is placed in 
thin layers either on the stone floor of a chamber built of sandstone or 
brick, and occasionally stirred about; or on several shelves or dishes 
arranged in a chamber one above the other; or it is put into vessels 
connected by tubes through which the chlorine is admitted and car- 
ried off. 
Chloride of lime must be preserved in well closed vessels, kept 
cool and away from the light. 

It isa white powder, usually moist, and smelling slightly of hypo- 
chlorous acid. 


Calculation. Ure. Houton. 
BETO book BORD SY Snainh 28°00" .%> 88°68 ors ei 47 
jw eA es Se eee Ghats, 1 245 #4), 17 ae 
24 PERERA We Parca A SO%ty as: ABIS9 ayy 40 es 53 
Ca0;HO:+ Gls <72:4- 2°°100°00 ae 100 oe te AO 
Or: 

MDAC MSR Nan iy ty 1, os rete skeke enh. <2 55:4: .. » 38°26 
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CaCl + CaO, ClO + 2Aq..... 144°3_.... 100°00 


Every specimen of chloride of lime, whether prepared on the large 
or the small scale, contains less chlorine than the calculated quantity ; 
because either more or less of the lime always remains uncombined : 
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perfect saturation with chlorine would probably even interfere with the 
bleaching properties. Houton-Labillardiere estimated the amount of — 
chlorine too high. 
Chloride of lime is changed by heat into a mixture of chloride of 
calcium and chlorate of lime, with evolution of oxygen and sometimes also 
of chlorine gas; at the same time, it loses its bleaching powers. Whether 
chloride of lime possesses its full bleaching power = 100°, or from rise of 
temperature during the absorption of the chlorine, one-third of that power 
is lost, and 67° only remains,—it still evolves, when strongly heated, the 
same amount of oxygen gas. An evolution of chlorine sometimes pre- 
ceedes that of the oxygen, if the heat be very gradually increased (especially 
when the lime is saturated as completely as possible with chlorine; 
Ure.) 18 atoms of chloride of lime are resolved in this manner into 
12 atoms of oxygen, 17 atoms of chloride of calcium, and one atom of | 
chlorate of lime. (Morin.) 
9CaCl + 9(CaO, ClO) = 120 + 17CaCl + CaO, C10%. 

At a lower temperature, therefore, 4 of the hypochlorite of lime is 
resolved into chloride of calcium and chlorate of lime, the other 3 remain- 
ing unchanged; and the residue, if afterwards more strongly heated, is no 
longer decomposed in the same manner, but resolved into oxygen gas 
and chloride of calcium. (Morin.) [The cause of this reaction is yet 
to be explained.} Bleaching powder exposed to the air soon attracts 
moisture, and finally deliquesces, slowly evolving oxygen gas, and form- 
ing a liquid which no longer bleaches, and contains chloride of calcium. 
(Morin.) [The other decompositions will be given under Solution of 
chloride of lime. | 

b. Solution of Chloride of Lime.—Bleaching Liquid.—l. Powdered 
chloride of lime is treated with water; and the solution, which contains a 
small quantity of free lime besides the chloride, is separated by decantation 
from the insoluble residue. Chloride of lime, shaken up with half its 
weight of water, yields a filtrate containing 4 per cent. of chlorine; the 
first, second, and third washings yield solutions of the same strength ; but 
afterwards the filtrate becomes poorer in chlorine. If the chloride of 
lime contained chloride of calcium ready formed, the first extract would 
be much richer in chlorine. (Dingler.)—2. Chlorine gas is passed through 
milk of lime nearly to saturation, and the liquid decanted from the excess 
of lime. An excess of chlorine would cause a partial formation of chlo- 
rate of lime, and lessen the bleaching power. Chlorine water does not 
act on carbonate of lime. 

Transparent and colourless liquid, having a slight odour of hypo- 
chlorous acid, and an astringent taste. [The liquid keptin large vessels 
at the well conducted manufactory of Kestner at Than, exhibits a bright 
blue colour by reflected light. Does this colour properly belong to the 
aqueous solution of choride of lime 4] 

The solution, when boiled, evolves pure oxygen gas, loses its bleaching 
power, and afterwards contains a mixture of one atom of chlorate of lime 
with 17 atoms of chloride of calcium. (Morin.) This decomposition is the 
same as that which takes place with the powdered chloride of lime. It 
is immaterial whether the solution obtained from the chloride of lime pre- 
pared in the cold, and having a bleaching power = 100°, be employed, or 
that from the chloride formed at a higher temperature, and having a 
bleaching power of 67°. Both evolve the same quantity of oxygen gas, 
and yield the same quantities of chlorate of lime and chloride of caleium; 
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_ the latter variety contains the same proportion of chlorate of lime before 
being heated, as after the expulsion of the oxygen gas. Consequently, 
in the solution of chloride of lime of 100° bleaching power, two changes 
occur simultaneously on the application of heat—namely, that of one- 
third of the compound into chloride of calcium and chlorate of lime,— 
and that of the other two-thirds into chloride of calcium and oxygen gas; 
whereas, in the solution of chloride of lime of 67° bleaching power, the 
latter change only takes place. (Morin.) Even in close vessels at or- 
dinary temperatures the liquid slowly evolves oxygen gas, especially if 
exposed to light, and finally there remains a solution of chloride of calcium 
quite destitute of bleaching properties. (Grouvelle, Morin.) 

If the chloride of lime, previously to being dissolved, has lost a third 
of its bleaching power from evolution of heat during the absorption of the 
chlorine, the decomposed liquid contains chlorate of lime as well as chlo- 
ride of calcium. (Morin.) Exposed to the direct rays of the sun, the 
hypochlorite of lime is converted into chlorite, CaO, Cl0*. (Gay-Lussac, 
Ann. Pharm. 89, 124.) Acids, including even the carbonic, convert 
chloride of lime into a lime-salt and free chlorine. 


CaCl + CaO,ClO + 2SO? = 2(CaO, SO#) + 2Cl. 


_Ifadded in insufficient quantity, they also give rise to the evolution 
of hypochlorous acid. Carbonic acid gas passed through bleaching liquid, 
destroys its bleaching powers, expelling chlorine gas and precipitating 
carbonate of lime; a small quantity of chloride of calcium only remains 
dissolved, together with acid carbonate of lime. Atmospheric air acts 
in a similar manner, but more slowly; but if previously freed from its 
carbonic acid by being passed through potash, it produces no change 
whatever. (Gaultier de Claubry.) In the open air, the liquid gradually 
evolves chlorine gas, and becomes covered with a crust of carbonate of 
lime; if this film be broken up from time to time, the conversion into car- 
bonate of lime and chlorine is completely accomplished in the course of a 
week. But when the crust is allowed to remain, the liquid is slowly resolved, 
as in close vessels, into oxygen gas (free from chlorine) and chloride of 
calcium—a circumstance which must be attended to when the liquid is 
to be used for disinfecting purposes. (Morin.) Bleaching liquid destroys 
organic colours and the odour of decomposing organic matter, but only 
in the presence of an acid which sets chlorine free. Tincture of litmus 
is not immediately decolorized by bleaching liquid, but only after some 
time, by the action of the carbonic acid in the air; the effect is accelerated. 
by blowing the air from the lungs through the liquid. (Gmelin.) If air 
is first blown through putrid blood, and then through bleaching liquid, 
it precipitates carbonate of lime from the latter and loses its bad odour; 
if, however, it be passed, first through putrid blood, then through potash 
or milk of lime—which absorb the carbonic acid—and lastly through 
bleaching liquid, it retains the bad odour. (Gaultier de Claubry, Ann. 
Chim. Phys. 33, 271.) Carbonate of potash precipitates carbonate of 
lime from bleaching liquid, producing aqueous chloride of potash. If the 
bleaching liquid is obtained by dissolving chloride of lime of 67° strength, 
the chlorate of lime which it contains is converted into chlorate of potash, 
and in this form may be quantitatively estimated. (Morin. ) [For a fur- 
ther account of the properties of chloride of lime, vid. II., 301—804. | 

On Chloride of Lime wide Dalton, (Ann. Phil. 1, 15; 2, 6; also Schw. 
10, 445; 11, 36; further, Phil. Mag. 65, 126.—Welter, PMs ie Phys. 
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7, 888; also V. 77. 8, 1, 244.—Thomson, Ann. Phil, 18, 182; also I. Tr. 


4, 2,'76; and further, Ann. Phil. 15, 401.—Grouvelle, Ann. Chim. Phys. —— 


17, 37.—Ure, Quart. J. of Se. 18,'1; also Schw. 35, 183.—Gay-Lussac, 
Ann. Chim. Phys. 26, 163; also Repert. 19, 424,—Houton-Labillardiére, © 
J. Chim. Med. 1, 501.—Chevallier, J. Chim. Med. 2, 173.—Morin, Ann. 
Chim. Phys. 87, 189; abstr. J. Pharm. 14, 336.—Marezeau, Pogg. 22, 273. 
—E. Dingler, Kastn. Arch. 18, 252.) 


D. Cunorate or Liwz.—Formed on heating the chloride of lime. 
An aqueous solution of chloric acid is saturated with lime, and evaporated 
to the crystallizing point. The salt crystallizes in rhomboidal prisms. 
(Wachter.) The crystals melt in their own water of crystallization when 
gently heated, and are decomposed in the same manner as the baryta 
salt (Wachter); they contain 28°8 per cent. of lime, 55:2 of chloric acid, 
and 16°5 of water = CaO ClO® + 2Aq.; detonate slightly on ignited 
charcoal; deliquesce in the air; and dissolve readily in water and alcohol. — 
(Chenevix.) From an aqueous solution, iodie acid precipitates iodate of — 
lime. (Serullas, Ann. Chim. Phys. 49, 281.) 


E. Percutorate or Lime.—The solution evaporated to a syrupy 
consistence, solidifies on cooling and forms a mass which rapidly deli- 
quesces when exposed to the air, even in a drying-chamber: its alcoholic. 
solution burns with a reddish flame. (Serullas, Ann. Chim. Phys. 46, 304.) 


CALCIUM AND FLUORINE. 


A. Fuuorwe or Caucrum.—Found in the mineral kingdom as Fluor- 
spar; also in animal bodies, and in some mineral waters.—On mixing the 
aqueous solution of a lime-salt with aqueous solution of hydrofluoric acid, 
fuoride of calcium is obtained in the form of a translucent gelatinous 
precipitate, which has a reddish opalescent lustre, stops up the filter, and 
cannot be washed; by the addition of ammonia, however, it is rendered 
somewhat nore compact. On the contrary, by treating freshly precipi- 
tated carbonate of lime with aqueous hydrofluoric acid, the fluoride of | 
calcium is obtained as a granular powder, which may be easily washed. 
From the concentrated solution of any lime-salt, hydrofluoric acid throws 
down fluoride of calcium, in light flakes; in very dilute or highly acid 
solutions of lime, the precipitate is not produced without the addition of 
ammonia. (Berzelius, Pogg. 1, 20.) Fluor-spar belongs to the regular 
system of crystallization; ig. 1, 2, 2, 4, 5,6, 8, 9. Cleavage distinct, 
parallel to the c-surface. Specific gravity, from 3:14 to 3:177. It de- 
crepitates when heated, and fuses at 51° Wedgwood. (Saussure.) Fuses 
in a porcelain furnace, and on cooling solidifies to a crystalline mass of 


different density, and having the cleavage-planes of the octohedron. 


(Magnus, Pogg. 29, 482.) Becomes phosphorescent by insolation and by 
heat. Tasteless. Permanent in the air. 


Calculation. H. Davy. 
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Calculation. Berzelius. Sir H. Davy. 
MME A ivi Phe ctvts si cheeeNeh steele de Kees 28°0 72°35 72°6855 72°97 
adobe 10°7: 27°65 27°3145 27°3 
Hyp. Anhyd. Fluoride of Calcium ..... 38:7 100-00 100-0000 100°0 


Kaproth. Thomson. Richter. Dalton. 


67°75 65°7 65 60 
32°25 34°3 35 40 
100°00 100°0 100 100 


Fluor-spar fuses readily when first heated by the blowpipe ; but by pro- 
longed ignition, it gradually loses hydrofluoric acid and is changed into a 
blistered infusible mass of pure lime. (Smithson, Ann. Phil. 23, 101.) It 
is not decomposed by boiling with a solution of potash or soda, or by 
_ fusion with their hydrates; but when it is fused in a finely divided state, 
- with carbonate of potash or soda, carbonate of lime and fluoride of potas- 
sium or sodium are produced. (Berzelius.) The decomposition is only 
partial. (Berthier, Gmelin.) The vapour of anhydrous sulphuric acid 
does not affect fluor-spar at a red heat; that of oil of vitriol, however, 
decomposes it very easily. (Kuhlmann, Berz. Jahresbericht, 8, 86.) 100 
parts of fluor-spar ignited with oil of vitriol, leave 175 parts of sulphate 
of lime. (Berzelius.) With cold oil of vitriol, fluor-spar yields a clear 
ropy liquid (if it contain silica, however, it effervesces, and does not yield 
a transparent fluid, on account of the formation of gypsum): decomposi- 
tion commences at 40°, and the transparency is destroyed. Water sepa- 
rates the fluor-spar from the cold solution. Concentrated hydrochloric 
and nitric acids behave in a similar manner, only they do not produce so 
viscid a liquid. Boiling nitric acid decomposes fluoride of calcium par- 
tially. Boiling dilute hydrochloric acid dissolves a small quantity, which 
is again precipitated by alkalis, and likewise remains behind when this 
liquid is evaporated. When silica is present in the fluor-spar, nitric and 
hydrochloric acids dissolve a larger quantity, in the form of fluoride of 
silicium and calcium. Aqueous hydrofluoric acid takes up but a very 
small quantity of fluor-spar. It does not evolve heat with this acid, 
unless it contains silica. (Berzelius.) Insoluble in water. 


B. Hypratep FLuoporiwe oF CAucrum, or HyDROFLUATE OF BoRATE 
or Limr.—Obtained by the spontaneous evaporation of a solution of car- 
bonate of lime in tetra-hydrofluate of boracic acid (the lime not being in 
excess), or of a solution of artificially prepared fluoride of calcium in ter- 
hydrofluate of boracic acid. It forms a gelatinous precipitate, having an 
acid taste and reddening litmus. Water—especially when hot—decom- 
poses this compound, dissolving out an acid salt, and leaving a basic salt 
which contains fluoride of calcium in excess. (Berzelius.) 


CALCIUM AND NITROGEN. 


A. Nrrrite or Liwre.—Prepared like nitrite of baryta, by the first 
method. % Or more readily by treating a boiling aqueous solution of 
nitrite of silver with lime-water—passing sulphuretted hydrogen through 
the clear liquid, if the silver salt is in excess, or carbonic acid gas if the 
lime predominates—and evaporating to the crystallizing point. Prismatic 
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erystals insoluble in dilute alcohol. (Fischer, Pogg. 74, 115.) 7 It 
exhibits the same properties as the nitrate, deliquescing with the same 
rapidity. Contains 27°345 per cent. of lime. (Hess, Pogg. 12, 260.) 


B. Nrrrate or Limn.—a. Basic.—A concentrated solution of the 
neutral salt is boiled with hydrate of lime, and the mass washed with _ 
alcohol of 40° Bm., which dissolves the excess of neutral salt, without 
acting on the basic compound. Water decomposes it into hydrate of 
lime, and the normal salt which dissolves. (Millon, J. Pharm. 29, 184.) 

b. Mononitrate—Lime Saltpetre; Wall Saltpetre.—Found in seve- 
ral springs, and often in a state of efflorescence on walls, into which 
urine and other organic liquids penetrate. Formed also in nitre beds. 
Lime emits a feeble light when nitric acid is dropped upon it. (Heinrich.) 
The salt may be prepared by saturating aqueous nitric acid with lime or 


its carbonate, evaporating to dryness, and rendering the residue anhydrous 


by heat, White mass, having a sharp, warm, and bitter taste. May be © 
heated to’incipient fusion, without being decomposed. Baldwin’s Phos- 
phorus is prepared by melting the salt till the nitric acid begins to decom- 
pose. (I., 194.) When heated above its melting point, it evolyes vapour 


of hyponitric acid and oxygen gas; detonates slightly with combustible 
substances. 


Anhydrous. Wenzel. Longchamp. Richter. 
CaO iss 99 0). > BAYAN rr R88 Ae, 34°88b< a eres 
NE «yd. fe. seedy 54 ..... 65°36 ,...ciyebbeees... 65°115 — .., 64:06 
FN ge a ep gga RE “ sé Tee 
CaO, NO®.... 82... 100°00 _.... ™“100°0 =... +(100°000_~—.... 10000 oa 


From an aqueous solution, the salt crystallizes in combination with 
4 atoms of water. (Hess, Millon, Compt. rend. 14, 905.) Forms six-sided 
prisms with acute pyramidal summits. The crystals melt to an oily liquid 
when heated, and lose their water of crystallization at ordinary tempera- 
tures when placed over oil of vitriol in vacuo (Millon) ; they deliquesce 
rapidly in the air, dissolve in one-fourth their weight of water, and like- 
wise very readily in alcohol. According to Mitscherlich (Pogg. 18, 159) 
the hydrated salt is precipitated as a crystalline powder from an aqueous 
solution by cencentrated nitric acid. 


Crystallized, Bergman. 
CaO He, PRP ee Aaa a Ee eee ae 
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CaO, NO® + 4Aq. .... 118... 100°00_.., 100 


C. Carsonats or Lime wit Ammonta?—Lime-water and chloride 
of calcium are not at all, or but imperfectly precipitated in the cold, by 
aqueous ammonia which is but partially saturated with carbonic acid. 
Complete precipitation of carbonate of lime does not take place till the 
liquid has been heated, or has stood for a couple of days, or more carbo- 
nic 6 gas is passed into it. (A. Vogel, Ann. Chim, 89, 128; Schw. 83, 
204. ) 


DD. Bromrpe or Catctum witn Ammonta. — Bromide of calcium 
fused and then reduced to powder, absorbs ammoniacal gas with slight 


_ elevation of temperature, and is converted into a white voluminous pow- 


der. The compound forms with water a clear solution, which deposits 
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carbonate of lime on exposure to the air. (Rammelsberg, Pogg. 55, 
239.) | | 


Calculation. Rammelsberg. 
GINER csp senae ICs AUN ae CAE Ts eg er c 
CaBe sp dsahea OS a al OR OG Mise 2 BOO 
‘'3NH°,CaBr 1494 .....100°00  ..... 100°0 


EK. Curoriwe or Carctum with AmMmonrA.—Chloride of calcium ab- 


-sorbs ammoniacal gas, swelling up and falling to powder. (Berzelius.) The 


fused chloride takes up the ammonia rapidly at first, but it is long before 


the absorption is complete; the lumps of chloride of calcium are thereby 


converted into a powder of 20 times their former volume. (H. Rose.) Ac- 
cording to Persoz (Ann. Chim. Phys. 44, 317), recently fused chloride of 
calcium does not absorb ammonia. The compound loses all its ammonia 
at a moderate heat. (Faraday, H. Rose.) It takes fire in chlorine gas, 


_ with separation of nitrogen gas and formation of hydrochloric acid. 


(Faraday.) Water dissolves it perfectly, at the same time setting the 
ammonia free. (Faraday, H. Rose, Pogg. 20, 154.) | 
Saturated with Ammonia. H. Rose. 
NEE cedex bs GBD hee” SER Pk aeons 
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4ANH®,CaCl 1235 ... 100°00  .... 100°00 


CALCIUM AND POTASSIUM. 


"A. Poosprate or Live anp Porasn.—When phosphate of potash 
is added to lime-water, or a concentrated aqueous solution of potash is 
boiled with phosphate of lime, an insoluble compound is produced, con- 
sisting of phosphoric acid, lime and potash, and a soluble compound of 
the same three elements, in which, however, the potash predominates. 
(Th. Saussure, V. Gehl, 2, 698; Berthollet, V. Gehl. 3, 274.) 


B. Sunpuatesor Live anp Potasnu.—A mixture of the two salts 
fuses more readily than either of them alone. Water removes the sulphate 


of potash, (Braconnot, Ann. Chim. Phys. 31, 38.) 


C. One atom of Carbonate of Potash fuses very easily with 1 or 2 
atoms of Fluor-spar. The mass, when cool, is translucent, vitreous, and 
of a laminated erystalline texture; it deliquesces in the air, and water 


extracts from it carbonate of potash and fluoride of potassium; but the 


fluor-spar is never more than partially decomposed. The mixture when 
heated to whiteness, boils up and evolves carbonic acid, and then hardens. 
(Berthier, Ann. Chim. Phys. 38, 253.) 


CALCIUM AND SopIuM. 


A. Carponate or Lime anp Sopa.—a. In atomic proportions. — 
az. Anhydrous.—A mixture of 53'2 parts of dry carbonate of soda and 50 
parts of carbonate of lime fuses very readily ata strong red . heat, and 
forms a liquid as mobile as water; when rapidly cooled, it solidifies to a 
white transparent mass having a crystalline fracture. As soon as the 
heat rises above bright redness, the liquid boils and evolyes carbonic acid, 
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then thickens, and at a white heat becomes perfectly solid. (Berthier, Ann. 
Chim. Phys, 88, 248.) , a yee 

8. Hydrated.— Found native as Gaylussite, covering urao.—Precipi- 
tated occasionally, a little above 0°, from a solution of carbonate of soda 
purified by repeated crystallization; it is thus obtained in the form of a 
white powder, which is washed and dried. Gaylussite forms transparent, 
colourless, highly lustrous, oblique rhombic prisms belonging to the oblique 
_ prismatic system; wv: wu! = 704° &e.; cleavage parallel to w and w*. (Cor- 
dier.) The crystals refract light doubly. (G. Barruel.) Specific gravity 
from 1:928 to 1:95, Boussingault. (= 2°921, Barruel.) Harder than cale- 
spar.—Decrepitates slightly when heated: becomes opaque from loss of 
water, and fuses rapidly before the blowpipe to an opaque bead, which, 
when once formed, is no longer fusible, on account of the escape of carbo- 
nic acid (Berthier), and has a strong alkaline taste. Powdered Gaylussite 
before ignition dissolves sparingly in water without suffering decompo- 
sition; the anhydrous salt is resolved by water into carbonate of soda, 
which dissolyes completely, and insoluble carbonate of lime. Nitric acid 
dissolves the mineral readily, with effervescence. (Boussingault, nn. 
Chim. Phys. 31, 270; also Schw..47, 247; also Pogg. 7, 97.) The arti- 
ficially prepared salt effloresces in a dry atmosphere, and fuses on charcoal 
before the blowpipe to a clear bead, which solidifies on cooling to a white 
enamel; after long exposure to the flame, the carbonate of soda sinks into 
the charcoal, leaving the lime in a phosphorescent state. (Bauer, Pogg. 
24, 367.) 


Boussingault. Bauer. 
Calculation. Native. Artif. Prep. 
NaO, CO*........ Do ae a ended is 35°02 se 36:2 
GET M fy 2 tae Soir BOO es | woo et foal 32°49 ise: 34:1 
ENG) Ce ete sony AS) ere OW ST. ines DLAQ as TE 29°5 
148°2. .... 100°00 ae 100°00 eee 99°8 


Barruel (Ann. Chim. Phys. 42, 813; also Schw. 58, 361) found in Gay- 
lussite 14 per cent. of carbonate of soda, 70 of carbonate of lime, 9-7 of 
water, and 6 per cent. of impurities; probably he analysed a different 
mineral—a supposition which is corroborated by the high specific gravity 
which he found. 

b. One Atom of Carbonate of Soda and 2 Atoms of Carbonate of Lume 
behave, when fused together, exactly like a. (Berthier.) 

¢. One Atom of Carbonate of Soda and 3 Atoms of Carbonate of Lume. 
—This mixture merely softens at a red heat, but afterwards boils and 
evolves carbonic acid. (Berthier. ) 

Carbonate of soda heated on charcoal before the blowpipe does not 
unite with caustic lime or carbonate of lime, but penetrates by itself into 
the pores of the charcoal. (Berzelius.) 


B. Borax dissolves lime easily, forming with it a transparent glass ; 
the carbonate of lime it dissolves with effervescence. The glass is trans- 
parent, but by exposure to an interrupted blast it becomes clouded ; with 
a large excess of lime it solidifies, on cooling, to an angular crystalline 
mass. (Berzelius.) | 


| —Ulex (Ann. Pharm. 70,49) describes a double borate of soda and 
lime occurring in the nitre-beds of Peru, and known by the name of Z%za, 
which is found in white masses from the size of a hazel-nut to that of a 
moderately sized potato. When broken, the mass is found to consist of 
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white, silky, crystalline threads interwoven with each other, which, accord- 
ing to Frankenheim, appear under the microscope to be six-sided prisms, 
or probably rhombic prisms with the more acute edges perpendicularly 
truncated in one direction, and obliquely in another. Sp. gr. = 1°8. 
Readily fuses before the blowpipe to a colourless glass. When moistened 
with sulphuric acid, it colours the flame green. Scarcely soluble in cold 
water, and very sparingly in hot; the solution has an alkaline reaction. 
Dissolves in acids without effervescence. 


Calculation. Ulex. 
VL co) lS RR Tae Sta odeed oi BP he At aa 8°99 i 8°8 
“ALG SC LS en 567)! 2 Cres Ne 15°9 
Re RRS Sesh Sak 170'°Q: (Ae aoe aK 49°5 
gh SS ee a ee i Uh Om ager ft oR da 25°8 
NaO, 2CaO, 5BO? + 10Aq. 247-2 ~~ .....-100°00 ris LOO 


This substance appears to be similar, if not identical, with Hayes’s 
Hydro-borocaleite, or, according to the above, Boro-natrocalcite. FT 


C. Metaphosphate of Soda (as it remains after fusion of phosphate of 
soda and ammonia) dissolves dime abundantly before the blowpipe—the 
carbonate also with effervescence. The bead, which is transparent while 
hot, does not become milky on cooling unless it is saturated with lime. 
(Berzelius.) 

One part of Bone-ash forms, at a red heat, with 3°8 parts of dry Car- 
. bonate of Soda, a fluid mixture, which, when solidified, resembles close- 
grained, white statuary marble, and at a white heat evolves carbonic acid 
and becomes less fusible. With 1:9 parts of carbonate of soda, at a red 
heat, it forms a soft. pasty mass; but with less carbonate of soda it does 
not fuse at all. (Berthier.) 


D. SutpuipEe or Caxtcrum anp Sopium.—By exposing 10 parts of 
dry sulphate of soda with 25 parts of crystallized gypsum to a white heat 
in a charcoal crucible, part of the sulphide of sodium formed is volatilized; 
and 14°15 parts of a metallic sulphide are obtained, consisting of 26 per 
cent. of sulphide of sodium and 74 of sulphide of calcium (probably a mere 
mixture of the two). Rose-coloured, blistered mass having a granular 
fracture and somewhat pearly lustre. At a stronger white heat it loses 
still more sulphide of sodium, and leaves a dense granular mass, (Berthier, 
Ann. Chim. Phys. 22, 245.) 


__ i. Sunpnare or Sopa wir Carponate or Limzr.—One atom of 
sulphate of soda with one atom of carbonate of lime, or one atom of car- 
bonate of soda with one atom of sulphate of lime, fuses tranquilly at 
ared heat, without evolving gas, and yields on cooling, a clear, white, 
solid mass, having a somewhat crystalline, granular fracture. Heated to 
whiteness, it parts with carbonic acid, and is converted into an infusible 
mixture of caustic lime and sulphate of soda. (Berthier.) 


F. SubpHATE oF Lime anp Sopa.—Found in the form of Glauberite, 
—Transparent, colourless, oblique rhombic prisms. Fig. 100 (nearly); 
uiu' = 80° 8’; 7: the edge between uw and w' = 111° -13'; cleavage 
eelel to u and wu, and most distinct, parallel to 7. Sp. gr. from 2°73 to 

‘8. Fuses before the blowpipe to a clear bead, which becomes turbid as 
it cools. Becomes opaque when put into water. (Brogniart, J. Min. 23, 5.) 


By fusing the sulphates of soda and lime together, in atomic proportions, 


a pellucid mass is obtained resembling chalcedony. (Berthier.) 


G. Common Salt and Carbonate of Lime, when fused together in atomic 
proportions, yield a white transparent mass having an uneven fracture, 
and becoming infusible when heated to whiteness. (Berthier. ) 


H. 100°8 parts (1 At.) of anhydrous borax form with 116°1 parts 
of Fluor-spar at a white heat, a not very fluid mixture, which solidifies 
to a dense mass, with scaly fracture. (Berthier, Ann. Chim. Phys. 43, 
296.) 


I. One atom of Sulphate of Soda and one atom of Pluor-spar fuse 
together at a white heat, forming a thin liquid, which on cooling yields a 
dense translucent mass, of crystalline granular fracture. With 2 atoms of 
fluor-spar the mixture does not fuse quite so well, but yields a similar, 
though harder mass on cooling. (Berthier-) 


K. One atom of common salt and one atom of fluor-spar heated to inci- 
pient whiteness, fuse together to a thin liquid, and emit a white cloud. 
The mass, when cool, is compact and translucent, and has a crystalline, 
foliated fracture. (Berthier.) 


CALCIUM AND BARIUM. 


A. Compounp oF Lime anp Baryta.—Equal parts of lime and ba- 
ryta heated together unite and forma greenish glass, which, however, 
contains silica derived from the crucible. :(Guyton-Morveau.) 


B. Carponate or Lime anp Baryta.—Found native as Barytocal- 
cite. Sometimes (a) oblique rhombic prisms; # : uw = 106. S45 tie ee 
102° 54!; specific gravity = 3°646 (Brooke, Ann. Phil. 24, 114); some- 
times (b) right rhombic prisms, analogous to that of Arragouite ; specific 
gravity = 8°7; it is consequently dimorphous. (J ohnston, Phil. Mag. J. 
6, 1; 10, 373.) 


Calculation. Children. 
Hal), COP Ames 98°6 .... 66°35 ou 65°9 
CaG; COR Sera 50-0 26 4.09 BB°65 AN 33°6 
BaO,CO? + CaO,CO? 148°6  .... 100°00 LAs 99°5 


This mineral contains from 2°83 to 6°6 per cent. of carbonate of strontia. 
(Johnston.) 


C. Suppoate or Lime anp Barytra.—Found native as Dreelote. 
Small truncated rhombohedrons; (Fig. 141) 7° : 7° = 93° to 94°; cleavage 
plane parallel to the r-surfaces. Specific gravity = 3°3; somewhat harder 


than cale-spar. Formula: 2(BaO,SO*) + CaO,80%*. (Dufrenoy, Ann. 


Chim. Phys. 60, 102; also J. pr. Chem. 7, 165.) 


D. One atom of Sulphide of Barium with one atom of Mlwor-spar 
forms at a white heat a soft pasty mass, which when cool becomes brown, 
opaque, and dense, and exhibits a granular fracture. The same substance 
is obtained when heavy-spar and fluor-spar are heated together in a char- 
coal crucible, (Berthier.) 


. 
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EK. One atom of Heavy-spar fuses but imperfectly with one atom of 
Pluor-spar, and yields a blistered mass having a crystalline granular frac- 
ture. With 2 atoms of heavy spar the mixture becomes perfectly fusible, 
and yields a dense transparent mass, of slightly crystalline fracture. (Ber- 
thier.) Sulphate of baryta heated with fluor-spar before the blowpipe on 
charcoal forms a glass which is clear while fused, but enamel-white when 
cold. (Berzelius.) 


F. One atom of Chloride of Barium fuses pretty readily with 1 or 
2 atoms of /luor-spar, emitting acid vapours. The product is an opaque 
enamel, exhibiting a splintered fracture. Water removes chloride of 
barium from it, and leaves fluor-spar; but alcohol dissolves out from the 
powdered enamel a considerable quantity of chloride of calcium; fluoride 
of barium must therefore have been formed. (Berthier.) 


CALCIUM AND STRONTIUM. 


A. Lime anp Stront1a.—Equal parts of these substances fuse to a 
hard, white, blistered cake, which contains a few glassy and enamel-like 
globules. (Guyton-Morveau.) 


B. CarBonaTE oF Lime anp Stronti1a.—Hmmonite contains 82:7 
per cent. of carbonate of strontia with 12°5 per cent. of carbonate of lime. 
(Thomson, J. pr. Chem. 138, 234.) 


C. Sulphate of Strontia fuses with Fluor-spar on charcoal before the 
blowpipe to a clear glass, which becomes enamel-white on cooling. (Ber- 
zelius. ) | 


CALCIUM AND CALCIUM. 


A. Carbonate of Lime and Chloride of Calcium in atomic proportions 
fuse together very easily at a red heat; when exposed to a white heat, 
the mixture loses carbonic acid and solidifies. (Berthier, dnn. Chim. Phys. 
38, 253.) 


7 B. Sutpaipe or Cancium and Limr.—CaS, + CaO,HO. Ac- 
cording to H. Rose, this compound cannot be prepared on the small scale, 
but is produced in the preparation of carbonate of soda from the sulphate, 
&c., and remains undissolved on treating the mass with water. (Ann. 
Pharm. 50, 439.) 


C. SuLpHIpE or Cancium with CHtoripE or Catctum.—One atom 
of sulphate of lime heated to whiteness in a charcoal crucible with one 
atom of chloride of calcium, forms a semi-fluid paste, which on cooling 
becomes black and translucent, and exhibits a highly crystalline fracture; 
it deliquesces rapidly in the air. (Berthier, Ann. Chim. Phys. 43, 303.) 


D. Trrenoseuate or Lime with Cunortpe or Fiuorme oF CAL- 
-orum.—Apatite is sometimes found as Chlorapatite = 3(3CaO, PO’) + 
CaCl; sometimes as Flworapatite = 3(8Ca0, PO’) + Cal’, but most fre- 
_ quently as a mixture of the two. (H. Rose, Pogg. 9,185.) It belongs to 
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the rhombohedral system of crystallization (Fig. 135, 137, 138, 139, 140, 
and others); p : 7 = 157° 47! 32". (Hauy.) Specific gravity = 3°225. 
(Mohs. ) | 


Chlorapatite. Fluorapatite. H. Rose. 
9CaO3:..... 252°0 48°31 SCAOREES 252:°0 ae 923] 
DELO) 5.) (2L4:2 41:07 3cPO® .... 214:2 42°42 
CaCl as: 55:4 10°62 CaF ite. ae Ste ky Aaah 7°69 


521°6 100-00 . 504°9 99°99 100-00 


- -E. Surpnrpe or Cancium with Fruorrpe or Caucrum.—One atom 
of sulphate of lime fuses readily with one atom of fluor-spar, and yields 
a white, scarcely translucent, blistered mass, exhibiting a crystalline 
granular fracture. (Berthier.) 


F. Sunpuate or Lime with FivorieE oF Catcrum.—a. One atom of 
sulphate of lime with 2 atoms of fluor-spar: Fuses perfectly, forming a 
dense mass with uneven and slightly crystalline fracture—4. In atomic 
proportions: Fuses with still greater ease. Clear white mass, formed of 
large plates crossing each other, with spaces filled with crystals.— 
c. 2 atoms of sulphate of lime with one atom of fluor-spar: Fuses 
completely but less readily than 6.. White, semi-transparent, compact 
masses, with shining, granular-foliated fracture.—d. 4 atoms of sulphate 
of lime with one atom of fluor-spar: Fuses but very imperfectly. White, 
opaque, highly blistered mass, with fine-grained fracture. (Berthier.) 

Before the blowpipe, 7 parts of gypsum yield with 4 parts of fluor-spar 
a mass which is transparent while fused, but becomes enamel-white on 
cooling; after prolonged ignition, it loses sulphuric acid and becomes 
infusible,—the change being attended with some degree of effervescence 
aud the formation of cauliflower-like excrescences. (Berzelius. ) 


Calcium also combines with mercury. 


Cuapter VII. 


MAGNESIUM. 


Bergman de Magnesia. Opusc. 1, 365. 

Fourcroy. Ann. Chim. 2, 278. 

Berzelius. Gib, 40, 255.—Further: Schw. 31, 258; also Ann. Chim. 
Phys. 14, 370. 


Magnium. Talciwm. 


History. The knowledge of carbonate of magnesia, or magnesia alba, 
as a medicine was first promulgated from Rome in the beginning of the 
18th century; Valentin in 1707 and Slevogt in 1709 subsequently found 
the same earth in the mother-liquor of saltpetre and in Epsom salts; Hoff- 
mann, Black, Margeraf, and Bergman pointed out the characters which 
distinguish it from lime, with which it was at first confounded; Sir H. 
Davy obtained from it the metal magnesium, which Bussy succeeded in 
procuring in a greater degree of purity. 


Sources. Less abundant than calcium; found in the inorganic king- 
dom as hydrate, carbonate, borate, phosphate, sulphate, hydrochlorate, 
and nitrate of magnesia, sometimes in the solid state, sometimes dissolved 
in various mineral waters (including salt springs), and in sea-water; in 
a variety of minerals, consisting of silicate of magnesia combined with 
other silicates, as in soap-stone, meerchaum, steatite, ophite, tolite, anorthite, 
hornblende, asbestos, talk, augite, chrysolite, and—combined with alumina 
—in spinell and zeilanite; in the organic kingdom, chiefly as carbonate 
and phosphate, and in combination with organic acids. 


Preparation.—1. Into the closed end of a glass tube, about half an 
inch wide and 20 inches long, bent down at a short distance from the 
bottom, 6 globules of potassium about the size of peas are introduced, and 
into the horizontal portion, pieces of chloride of magnesium separated 
from each other by small fragments of porcelain or glass, to prevent their 
_ running together. This portion of the tube is then heated nearly to red- 
ness; after which the potassium is made to boil. The vapour of the potas- 
sium, acting on the chloride of magnesium, gives rise to vivid ignition, 
which gradually spreads throughout the tube. When cold, the chloride 
of potassium and undecomposed chloride of magnesium are dissolved out 
from the mass by means of cold water deprived of air by boiling, and the 
globules of magnesium are washed two or three times with water. On 
first adding the water, a small quantity of hydrogen gas is evolved, arising 

from the presence of free potassium, and the potash thus produced preci- 
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pitates a small portion of hydrate of magnesia from the chloride of mag- 
nesium; this however is easily removed by washing. (Bussy, J. Chim. Med. 
6, 141; also Schw. 59, 218; also Pogg.18, 140.)—Liebig (Pogg. 19, 187) 
introduces into a straight glass tube from 3 to 4 lines in diameter and 
closed at one end, about 10 or 20 globules of potassium of the size of peas, 
and above them, chloride of magnesium in large pieces; heats the whole 
over a charcoal fire; and then inclines the tube so as to suffer the fused 
potassium to permeate the chloride of magnesium: decomposition then 
takes place with incandescence. The small globules obtained after washing 
the cooled mass, are made to unite into one large globule, by heating them 
with chloride of potassium in a closed crucible to the melting point of sil- 
ver.—2. Vapour of potassium is passed over magnesia ignited in a platinum 
tube, and the residue gently heated with mercury, which dissolves the 
magnesium and may be afterwards separated by distillation. (H. Davy.)— 
8. By the first method given for the preparation of barium. Slightly mois- 
tened magnesia is not decomposed with the same readiness as slightly mois- 
tened sulphate of magnesia; the mercury also cannot be completely dis- 
tilled from the amalgam obtained, since magnesium when heated acts upon 
glass. (H. Davy.) Gay-Lussac & Thénard did not succeed in producing 
the amalgam by the galvanic method.—4. If the glass tube a and the dish 
c (App. 8) are filled with a saturated solution of common salt, and the 
glass tube 6 with a saturated solution of chloride of magnesium, the posi- 
tive electrode of a battery consisting of 20 pairs of plates bemg made to 
pass into a and the negative electrode into 6, no metal is deposited on the 
cathode from the magnesium salt, unless it has been prepared in a silver 
vessel and has taken up a small quantity of chloride of silver. In this 
case, it first deposits, with a scarcely perceptible evolution of hydrogen 
gas, a grey mixture of silver and magnesium, and afterwards pure mag- 
nesium in silvyer-white octohedrons. (Becquerel.) 


Properties. Silver-white, with a high lustre; very ductile and capable 
of being beaten out into thin leaves; fuses at a gentle heat. (Bussy.) 
Hard, yielding however to the hammer and the file. (Liebig.) Crystal- 
lizes in octohedrons. (Beequerel.) , | 

Atomic weight of Magnesium: 12°11 (Scheerer, Pogg. 70, 407); 12°36 
(Svanberg & Nordenfeldt, J. pr. Chem. 45, 473). 


Compounds of Magnesium. 
MAGNESIUM AND OXYGEN. 
Maaenesta. MgO, 


Oxide of Magnesium, Magnesia, Calcined Magnesia, Talkerde, Bittererde 
Magnesie, Oxyde de Magnesium, Magnesia usta v. caleinata. 


Formation. The metal remains permanent in dry air; in moist air it 
becomes slowly but only superficially covered with a, white crust of 
magnesia; heated in very small pieces in the air, it burns with lively 
emission of sparks, and forms magnesia; larger portions are difficult to burn 
completely. (Bussy.) It inflames at the temperature at which bottle 
glass softens, emitting a most vivid light. Magnesia is deposited on the 
sides of the vessel in which the combustion takes place, and the part of 
the tube on which the metal lay exhibits a black spot which cannot be 
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~ removed by boiling with acids; this effect is probably due to the separa- 


tion of silicium. (Liebig.) Cold water previously freed from air by boil- 
ing has no effect on magnesium; boiling water however evolves a few 
bubbles of hydrogen gas; acidulated water dissolves the metal easily, with 
disengagement of hydrogen gas; oil of vitriol in which it is digested evolves 
sulphurous acid; and cold nitric acid gives off binoxide of nitrogen. 
(Liebig. ) 

Preparation. By gentle but prolonged ignition of carbonate of 
magnesia. 

Impurities.—1. Carbonate of Magnesia: Occurs when the magnesia has 
not been ignited for a sufficient length of time, or from long exposure to 
the air, even after thorough ignition. The moistened earth effervesces 
with hydrochloric acid.—2. Lime: The hydrochloric acid solution neu- 
tralized with ammonia is rendered turbid by oxalate of ammonia.— 
3. Oxides of the heavy metals, as Oxide of Manganese: The hydrochloric 
acid solution supersaturated with sulphuretted hydrogen water gives a cha- 


' racteristic precipitate with ammonia.—4. Silica: Remains undissolved after 


digestion in hydrochloric acid.—5, Sulphate or Hydrochlorate of Potash 
or Soda: Arising from the carbonate of magnesia not having been sufii- 
ciently washed. Water boiled with the earth and filtered gives the reac- 
tions of sulphuric or hydrochloric acid, and leaves a saline residue after 
evaporation. 

Properties. Fine, white, very voluminous powder; specific gravity 


_ = 8:200 (Karsten); = 3:07 (Richter); = 2°3 (Kirwan); = 3°61 after igni- 


tion in the porcelain furnace. (H. Rose.) Fuses only at the very highest 
temperatures, as in a fire fed with oxygen gas—its surface then acquires 
the appearance of porcelain-glaze. (Guyton-Morveau.) It also fuses, 
though with great difficulty, in the oxy-hydrogen blowpipe flame, to 
which it communicates a pale red colour, and is then converted into a 
sort of opaque glass or enamel which scratches glass like the diamond 
(Clarke, Ann. Phil. 17, 421); also under the influence of a very power- 
ful voltaic current (H. Davy). ‘Tasteless and inodorous, Changes some 
of the more delicate vegetable colours, e. g. moistened red litmus paper, in 
the same manner as the alkalis. It is not caustic. Moistened with nitrate 
of cobalt and strongly ignited before the blowpipe, it takes a fine rose- 
colour. (Berzelius.) 


Henry, Gay- Sir 

Calculation. Wollaston. Lussac. Berzelius, Hisinger. H. Davy. 
ME Gs. 12 60 59°3 59°5 61:29 61:7 66 
ets. 2 8 40 40°7 40°5 38°71 38°3 34 


MgO... 20 100 100°0 100-0 100:00 100°0 100 
(MgO = 15835 + 100 = 258°35. Berzelius.) 


Decompositions.—1. By potassium at a white heat.—2. By voltaic 
electricity. (H. Davy.) When magnesia mixed up with oil is ex- 
posed to the oxy-hydrogen flame, a slag is obtained, which crumbles 
in the air to a white powder consisting of magnesia. (Clarke.) 


 Combinations.—a. With water.—x. Hyprate or Maenesta.—Found 
native. Ignited magnesia evolves heat when mixed with water. (H. 
Davy.) On the addition of either cold or hot water, the magnesia I- 
stantly becomes saturated with it. (Rees.) 1. Magnesia is moistened with 


water, and then dried in a water-bath. (Rees.) 2. To the aqueous 


294 : MAGNESIUM. _ 


solution of a salt of magnesia, potash or soda is added in excess, and the 
precipitate well washed. The natural variety has a laminated structure, 
and belongs to the rhombohedral system of crystallization. (Fig. 135.) 
Its specific gravity is 2336 (Brewster); it is soft, white, transparent, and 
of a pearly lustre; the artificially prepared hydrate is a white powder, 
or, when dried at 100°, a semitransparent, coherent, soft, very brittle 
mass. It gives up its water below a red heat. 


Sir H. Stro- 
Berzelius. Davy. meyer. 
Calculation. Artif. Artif. Native. 
FEET eats fy aejvax toa i neanbanenoncrgn vege sraetniet 20 69 69°4 to 70°2 70 68°35 
12 sR a ea ant EEE UY 5 9 31 BOD Y, 12955 25 30°90 
Protoxides of Iron and Manganese.... 0°75 
eS Nt a ee 
EPO GH Oy, 0.5018: cous accu eamieaseenemiaers 99. 100. 100-0 . 100°0 100 5 9100:00 
Fyfe. Bruce, Nuttal. Rees. 
Native. Native. Artif. 
MeO Ae. 94 cee 69°75 70 69°52 
TCD ica. elas reece toaeet draeee 30°25 30 30°48 
ee Te i 
100°00 100 100-00 


8. Sonution oF Maayesta.—Magnesia dissolves in 5142 parts of 
water at 15°5° (60° F.) (Fyfe), in 5800 parts of water at 15° (O. Henry, 
J. Pharm. 13, 2), in 7900 (Kirwan), in 16,000 parts (Dalton) of cold water, 
and in 36,000 parts of boiling water. (Fyfe, Hdinb. Phil. J. 5, 305.) 
{ In 55,368 parts of water, either boiling or at ordinary temperatures. 
The solution has a feeble alkaline action, and gives, after some time a 
scanty precipitate with phosphate of soda, on the addition of ammonia. 
(Fresenius, Ann. Pharm. 59,117.) | The presence of lime, sulphate of 
lime or sulphate of potash in water does not interfere with its solvent 
powers on magnesia. (O. Henry.) 


b. With acids, producing the Maanesia-Satts, Magnesia has less 
affinity for acids than the six fixed alkalis; nevertheless it neutralizes _ 
them perfectly. The salts of magnesia are colourless, when the acid with 
which it is combined is destitute of colour; they have a bitterish taste 
when soluble in water. The acid if volatile is expelled by ignition, with 
the exception of sulphuric acid. The magnesia-salts, moistened with 
nitrate of cobalt and strongly heated in the blowpipe flame, become rose- 
coloured. (Berzelius.) Phosphate of magnesia, however, takes a violet 
tint. (Wittstein.) All the salts of magnesia which are insoluble in 
water, ¢.g., the carbonate, borate, phosphate, and arseniate—the ignited 
metaphosphate, however, excepted—dissolve in hydrochloric acid. Those 
magnesia salts which are soluble in water, are completely decomposed 
by potash and soda, even in the cold, depositing the hydrate of magnesia 
in copious flakes. The precipitate disappears on the addition of sulphate, 
nitrate, hydrochlorate, or succinate of ammonia, and likewise with the 
carbonate, though the latter deposits crystals after a while. (Wittstein.) 
A small addition of ammonia does not affect the neutral magnesia-salts ; 
a larger quantity precipitates hydrate of magnesia (in combination with 
a very small portion of acid: Serzelius); but even a large excess of am- 
monia never separates more than half the magnesia present (Fourcroy, 
Crell. Ann. 1792, 1, 451): for the ammoniacal salt produced unites with 
the still undecomposed salt of magnesia, and forms a double salt, which is 
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not further decomposed either by ammonia or by magnesia. (Vid. I., 132, 
and Sch. 95.) Hence ammonia, even in excess, gives little or no pre- 
cipitate with a salt of magnesia, when mixed with a considerable quantity 
of sal-ammoniac or of free acid; and the turbidity produced by ammonia 
in the solution of a salt of magnesia disappears again completely on the 
addition of sal-ammoniac. An aqueous solution of sulphate of magnesia, 
containing one part of magnesia in 4000 parts of water, gives a cloud 
with animonia after a few seconds. (Harting.) Sesqui-carbonate of ammo- 
nia precipitates magnesia within twenty-four hours, and the more rapidly 
and completely in proportion to the strength of the solution and the 
quantity of sesqui-carbonate employed. It is to be remarked that the 
precipitate obtained by a small addition of carbonate of ammonia is 
carbonate of magnesia, whilst that produced by an excess consists of 
double carbonate of magnesia and ammonia. (Guibourt, J. Chim. Med. 1, 
418.) One part of sesqui-carbonate of ammonia added to 2 parts of 
sulphate of magnesia, precipitates one half of the base as carbonate; but 
2 parts of sesqui-carbonate of ammonia added to one part of the same salt, 
precipitates the whole of the magnesia in the form of double carbonate 
of magnesia and ammonia. ‘This precipitate is soluble in water, but not 
in an aqueous solution of carbonate of ammonia; it therefore redissolves, 
after a few days, in the supernatant liquid, in consequence of that liquid 
losing its carbonate of ammonia by exposure to the air. (Guibourt.) 
According to Pfaff, sesqui-carbonate of ammonia precipitates the greater 
part of the magnesia, though not the whole; according to Longchamp, a 
small portion only, after two days; according to J. Dulong (J. Pharm. 
11, 406), it causes precipitation much more slowly when dilute than 
when concentrated. Carbonate of potash or soda separates from neutral 
magnesia-salts, in the cold, only a small quantity of a basic carbonate of 
magnesia, which is again dissolved either by an excess of the magnesia 
salt or of the alkaline carbonate (H. Rose, Pogg. 34, 157), the rest of 
the magnesia remaining dissolved as an acid salt. With the aid of heat, 
nearly all the magnesia is thrown down; but in this case also, according 
to Longchamp (Ann. Chim. Phys. 12,255; also Gb. 66, 24), the precipi- 
tation is less complete, in proportion to the quantity of carbonate, sul- 
phate, hydrochlorate, or nitrate of potash or soda contained in the liquid: 
the precipitate likewise diminishes as the liquid cools. It is easily dis- 
solved by sal-ammoniac, and, therefore, when the magnesia salt is mixed 
with sal-ammoniac, no precipitate is produced, except on boiling. Sesqui- 
carbonate of soda does not affect a tolerably dilute solution of a magnesia- 
salt in the cold (Schindler, Mag. Pharm. 33, 29); with @ solution of 
sulphate of magnesia, it does not give a precipitate, till after the lapse of 
two days. (Boussingault.) Bicarbonate of ammonia, potash, or soda, pro- 
duces a precipitate only on boiling. In the cold, the bicarbonate of 
magnesia produced, remains dissolved by the alkaline salt; but on boiling 
the solution, it loses carbonic acid. Borax precipitates the magnesia 
salts with the aid of heat, but not in the cold. Ordinary diphosphate of 
soda gives no precipitate in the cold, except with the most concentrated 
solutions. With more dilute solutions the aid of heat is required, but 
the precipitate then formed does not disappear on cooling. When caustic 
ammonia or carbonate of ammonia is added to a dilute solution of any 
salt of magnesia mixed with phosphate of soda, or when phosphate of 
ammonia or of soda is added to the mixture of a magnesia-salt with sal- 
ammoniac and ammonia, the magnesia is very completely precipitated 
in the form of phosphate of magnesia and ammonia, which, according to 
VOL. III. ass 
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Wollaston, attaches itself in a crystalline granular condition to the sides 
of the glass vessel, especially where they have been touched by the glass 
rod in stirring. A solution containing only soy p00 Parts of magnesia 
gives a precipitate after 24 hours, with phosphate of ammonia mixed with 
free ammonia, provided the latter solution is highly concentrated and added 
in equal quantity ; if, however, it is dilute and added in smaller quantity, 
it does not give any indication of magnesia in a solution containing zo55 
part of that substance. (Harting, J. pr. Chem. 22, 50.) Mono-tungstate 
of soda causes a precipitate only in very concentrated solutions of mag- — 
nesia salts; when more dilute they continue clear, even after the addition 
of ammonia. (Anthon.) Oxalic acid and binoxalate of potash precipitate 
even dilute solutions of magnesia salts, on the addition of ammonia, pro- 
vided no free acid or sal-ammoniac is present, and the oxalic acid, or the 
acid oxalate of potash is not added in too large an excess. In the con- 
trary case, the ammoniacal salt, whether already present, or formed on 
adding the ammonia, retains the oxalate of magnesia in solution. (H. 
Rose.) Ferrocyanide of potassium produces, after some time, a dense 
white precipitate. (H. Rose.) Magnesia-salts are not precipitated by 
sulphuric acid or the sulphates, or by perchloric acid, hydrofluosilicic acid, 
bi-hydrosulphate of ammonia, carbonate of lime (Fuchs), or ferricyanide 
of potassium. Magnesia forms double salts with ammonia, potash, soda, 
lime, &e. 

c. With several earths, producing minerals and fused masses. —d. With 
certain substances in the organic kingdom. 


MAGNESIUM AND CARBON. 


CarBonate or Macnesta.Magnesia absorbs carbonic acid very slowly 
from the air.—a. Zwo-thirds Carbonate.—Sulphate of magnesia is pre- 
cipitated by a very large excess of carbonate of soda, and the whole boiled 
till the precipitate is observed by the microscope to be passing from the 
floculent to the granular condition; it is then washed and boiled rapidly 
with water, the liquid poured off, and the residue twice boiled with fresh 
quantities of water.—Small grains, mixed with a small quantity of the 
original floculent precipitate. (Fritzsche, Pogy. 87,310.) The precipitate | 
may contain carbonate of soda. (Berzelius, /ahresber. 17, 158.) 


Calculation. Fritzsche. 
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It may also be regarded as MgO, HO + 2(Mg0O, CO? + 2Aq.) 


b. Three-fourths Carbonate.— Found in the mineral kingdom as 
Hydromagnesite.—1. Sulphate of magnesia is mixed hot with an excess of 
carbonate of potash, and the precipitate boiled with fresh quantities of 
water, as long as an acid carbonate of magnesia continues to be dissolved. 
(Berzelius.)—2. From a saturated solution of carbonate of magnesia in 
aqueous carbonic acid, the carbonate of magnesia is thrown down by boil- 
ing, and the precipitate twice reboiled with fresh quantities of water. 
(Fritzsche.) The native variety resembles chalk ; the artificially prepared 
salt is a white powder. It is soluble, according to Fyfe, in 2493 parts of 
cold, and in 9000 parts of boiling water. The solution has an alkaline 
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reaction. (Pleischl.) It is dissolved in the cold by an aqueous solution of 
carbonate of potash or soda, and also by a solution of sulphate, hydro- 
chlorate, or nitrate of potash, and probably by other salts. On heating the 
solution, it separates in part only, and is again dissolved as the liquid 
cools. (Longchamp.) It is easily soluble in sulphate, hydrochlorate, 
nitrate, or succinate of ammonia; and likewise in the carbonate; but this 
solution deposits crystals after a while. (Wittstein.) 


Trolle- 
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Tt may also be regarded as MgO, HO + 3 (Mg0,CO? + Aq.) 


ce. Four-fifths Carbonate.—1. Formed by boiling the crystals of penta- 
hydrated monocarbonate of magnesia with pure water. In order to 
obtain the compound quite free from ter-hydrated monocarbonate of mag- 
nesia, it is best to boil the crystals for a considerable time with water con- 
taining ammonia, the ammonia being frequently renewed during the pro- 
cess.—2. A concentrated solution of carbonate of magnesia in aqueous 
carbonic acid is boiled for a long time.—White granular powder. The 
grains when examined by the microscope, appear to be composed of a 
fibrous mass arranged in concentric layers. (Fritzsche.) 


Calculation. Fritzsche. Berzelius, according to2. 
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It may be regarded as MgO, HO + 4(Mg0,CO? + Aq.) 


Magnesia Alba. 


This substance is prepared on the large scale by precipitating 
the sulphate, hydrochlorate, or nitrate of magnesia with carbonate 
of potash or soda, For this purpose, a solution of sulphate of mag- 
nesia is used ; also various mineral waters (Bitterwasser) and the mother- 
liquor of sea-water, many salt springs, and many kinds of nitre ; 
most of these liquids, however, likewise contain lime, which must previ- 
ously be separated by sulphate of potash or soda. According to Durand 
(Ann. Chim. Phys. 54, 312; also Ann. Pharm. 10, 140), a solution of 100 
parts of sulphate of magnesia in 100 parts of water is rapidly mixed in a 
wooden tub or barrel heated by steam with a solution of 125 parts of 
deca-hydrated carbonate of soda. The temperature is raised to 80° 
(172° F'.) to expel carbonic acid, which would otherwise retain a portion of 
magnesia in solution; and the clear liquid is decanted from the precipitate. 
This is washed three: times, by subsidence and decantation, with luke- 
warm water free from lime, then thrown on large linen filters, and allowed 
to drain from 24 to 48 hours. The wet mass is then conveyed into square 
_ boxes without bottoms, standing on a surface of gypsum of of brick, 

Ora: 
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through which the water rapidly soaks; the boxes are turned over after 
some time, in order that the upper portion may be dehydrated also ; and 
the blocks of carbonate of magnesia thus obtained are thoroughly dried 
in heated chambers. | 
Magnesia alba, according to Berzelius, is hydrated -carbonate of 
magnesia, containing a certain portion of hydrated monocarbonate, the 
~ quantity of which increases in proportion as the liquid is less boiled after 
the precipitation. According to Fritzsche, it consists wholly or for the 
most part of 4—carbonate of magnesia. The constitution of magnesia alba 
is affected by the following circumstances : 1. The relative quantity of the 
precipitant. When an excess of carbonate of soda is used, the precipitate 
retains a portion of that reagent, and is thereby rendered more dense ; 
when sulphate or hydrochlorate of magnesia is in excess, it contains a 
small quantity of sulphuric or hydrochloric acid, and is lighter ; carbonate 
of potash may be used in excess. (Berzelius.) The precipitate does not 
become granular with an excess of the alkaline carbonate so readily as 
with an excess of the magnesia salt. (Fritzsche.) [In Durand’s method 
the carbonate of soda somewhat predominates. |—2. Degree of dilution. 
The more dilute the two solutions are, the lighter is the precipitate, and 
the more normal salt does it contain. (Berzelius.) [Durand, on the con- 
trary, employs concentrated solutions. |—3. Temperature. The precipitate 
formed in the cold consists chiefly of hydrated normal salt; a large quan- 
tity of magnesia at the same time remaining in solution, because the nor- 
mal salt is resolved by the action of the water into an insoluble basic salt, 
and an acid salt which is dissolved. On applying heat, the carbonic acid is 
expelled from this solution, and the greater part of the magnesia is thrown 
down; at the same time, the remaining normal salt contained in the 
original precipitate is resolved into a basic salt, and carbonic acid which 
escapes. When this mixture is boiled for a long time, the precipitate is 
converted into 2-carbonate of magnesia. The salt is lightest when pre- 
cipitated in the cold. (Berzelius.) When moderately boiled, which is 
usually the case, the precipitate is converted into the 4-carbonate; but by 
continuing the operation, it becomes mixed with a constantly increasing 
quantity of the ? and 2~carbonates of magnesia. (Fritzsche.) The utmost 
degree of lightness is obtained by allowing the precipitate to freeze while 
still moist. (Berzelius.) Magnesia alba stirred up with water manifests a 
‘slight alkaline reaction. (Pleischl.) It dissolves readily in water con- 
taining sal-ammoniac; with greater difficulty, however, after being heated 
to 100°. The saturated solution has a weak alkaline reaction ; does not 
become turbid by exposure to the air, or by boiling; is precipitated by 
_ potash; and when treated with acids, evolves abundance of carbonic acid 
gas. (A. Vogel, J. pr. Chem. 7, 455.) 


Commercial magnesia alba. 
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Prepared on the small scale. ¢ = precipitated cold; # = precipitated 
hot; M = with an excess of magnesia salt; Alk, = with an excess of car- 
bonate of potash. x 
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“0 ay also Deane and Gladstona, Pharmaceutical Journal, vol. VIII. 
o. 6. . : 


d. Monocarbonate.—Found in the mineral kingdom as Magnesite.— 
Magnesite belongs to the rhombohedral system of crystallization ; forms 
obtuse rhombohedrons. (Mig..141) 7? : r? = 107° 25/3 2:7? or 2% = 
72° 35!. Specific gravity = 3°056 (Mohs). It may be obtained asa crys- 
talline powder, exhibiting the form of arragonite when examined by the 
microscope, by evaporating to dryness with the aid of heat, a solution of 
carbonate of magnesia in aqueous carbonic acid. (H. Rose, Pogg. 42, 366.) 


Powdered magnesite, when moistened with water, gives an alkaline reac- 


tion with litmus and violets. (Pleischl. Zectschr. Phys. v. W. 5, 59.) 


Magnesite. Klaproth. Stromeyer. 
od oh laact ch cee ta pies So ae SO ee CAE uh 48 a 47°64 
RT Ee GSE ea eee 220i) 6) NSB Ff 49 co 50°75 
-Water and other impurities 2 je 161 
PROGR ee ci... 4B Le ODO! LL LOOe eS 106-60 


a. Ter-hydrated Monocarbonate of Magnesia.—1. A solution of car- 
bonate of magnesia in aqueous carbonic acid is allowed to evaporate 
spontaneously in the air (Berzelius), or kept for a long while at a tem- 
perature of 50°. (Fritzsche.)—2. The tabular crystals of the penta-hy- 
drated salt are exposed in a glass tube to the sun’s rays, whereby they lose 
2 atoms of water.—3. The latter salt is heated for a long time in water 
at 50°, or boiled with water till it becomes opaque and begins to evolve 
carbonic acid ; it is then left to itself in the cold, and in the course of a 
day or two is converted into a net-work of crystals of the ter-hydrated salt. 
The water also with which the tabular crystals are heated till carbonic 
acid begins to escape, but not to the boiling point—yields, on cooling, 
crystals of the salt, a portion of which it had previously dissolved, (Fritz- 
sche.) —4. A mixture of the aqueous solutions of sulphate of magnesia and 
bicarbonate of potash or soda is set aside till crystals appear. (Four- 
croy; V. Rose.) The precipitate which the normal carbonate of soda gives 
with sulphate of magnesia is likewise converted in a few days, at tem- 
peratures between 0° and + 10°, into crystals of the terhydrated salt. 
(Fritzsche, Soubeiran, J. Pharm. 13, 596.) A mixture of sulphate of 
magnesia and sesquicarbonate of soda, which is perfectly clear at first, also 
yields this salt after the lapse of two days, in the form of a crystalline de- 
posit at the bottom of the vessel. (Boussingault, Ann. Chim. Phys. 29, 285.) 
Forms small needles collected together in tufts; permanent in the air _ 
(Fritzsche) ; effloresces in a dry atmosphere (Berzelius); hard, with a 
slightly alkaline taste; turns the juice of violets green. (Soubeiran.) The 
salt when gently ignited loses its acid together with its water. Cold water 
dissolves but a very small quantity (according to Fourcroy, one part in 
48 parts of water); the solution evolves carbonic acid on boiling, and de- 
posits magnesia alba. (Soubeiran.) The solution in cold water 1s accom- 


panied by the formation of an acid salt, whilst a ?-carbonate of magnesia 


do 
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remains undissolved ; boiling water takes up nothing, but expels carbonic 


acid, giving rise to the formation of a 3_carbonate. (Berzelius.) Boiling 
water does not produce any decomposition. (Fritzsche, Pogy. 37, 304.) 


Buch,, W. Henry, 
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8. Penta-hydrated Monocarbonate.—A saturated solution of carbonate of 
magnesia in aqueous carbonic acid, exposed to the cold of winter in loosely 
covered vessels, deposits crystals of the ter-hydrated and of the penta- 
hydrated salt; the quantity of the latter increasing in proportion to the 
degree of cold. Transparent tabular crystals. (Fritzsche.) The crystals 
belong to the oblique prismatic system. (Mig. 116) «+ w or wis "EO2F, 
da = 120° 30’; uw: uw = 86° 80; uw: t = 183° 15’; wim = 186° 45), 
(Brooke, Ann. Phil. 22, 875.) The crystals, on exposure to the air, 
part very slowly with 2 atoms of water, and become opaque; more 
rapidly, however, in the direct rays of the sun; in hot water even at 50° 
they lose their transparency, being converted into salt d, a, with evolution 
of carbonic acid. If the erystals are boiled as long as this action 
continues, they become converted, without change of form, into a white 
incoherent mass of 4-carbonate, which is also frequently mixed with 
crystals of the d, « salt. (Fritzsche.) 


Crystallized salt. Fritzsche. 
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e. Bicarbonate.—Magnesia alba shaken up with aqueous carbonic 
acid yields a solution having a bitter taste and an alkaline reaction. (Ber- 
thollet, V. Gehl. 3, 263.) Even with a large excess of carbonic acid, and 
also after boiling, the solution exerts an alkaline reaction on logwood, 
turmeric, and rhubarb (Pfaff, Schw. 35, 428); it also turns reddened 
litmus blue (Pleischl, Gmelin); according to Berthollet, it gives a green 
colour with violets, but red with litmus. The saturated solution contains 
exactly twice as much carbonic acid as the normal salt. (Soubeiran.) It 
becomes turbid at 75°, but recovers its transparency again on cooling. 
(Berthollet.) When heated even to 50°, it deposits ter-hydrated monocar- 
bonate (Berzelius, Fritzsche); the same thing occurs when it is evapo- 
rated ahs ae half the carbonic acid escaping. (Soubeiran, J. Pharm. 
138, 598. 


MAGNESIUM AND BoRON. 


BoRATE OF MAGNESIA, 


a. Triborate.—1. Formed by boiling a solution of sulphate of 
jnagnesia with solution of borax, and washing the precipitate thoroughly 
with cold water.—2. By boiling a solution of borate of magnesia and soda 
in cold water. (Wobler.) The boiling is continued for a long time, and 
the liquid filtered hot; but the precipitate remaining on the filter is 
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washed with cold water, because hot water would: withdraw a portion of | 
the acid; it is then dried under a bell-jar over oil of vitriol. (Rammels- 
berg, Pogg. 49, 445.) The freshly precipitated salt is gelatinous, but 
after drying it becomes white and gritty. (Wohler.) It is slightly soluble 
in cold water; the solution has an alkaline reaction, is rendered turbid by 
boiling, and when evaporated leaves a transparent varnish. By long 
continued boiling with a large quantity of water, or by washing with 
boiling water, part at least of the boracic acid is separated from the salt, 
and the residue dries up to a white mass, which is insoluble in cold water, 
and absorbs carbonic acid from the air. (Wohler, Pogg. 28, 525.) 


Ignited. Rammelsberg. Hydrated. |Rammelsberg. 
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6. Monoborate ? An aqueous solution of sulphate of magnesia and 
borax (heated till it becomes turbid, and again rendered clear by cooling) 
set aside for some months, and kept during part of the time at tempera- 
tures below 0°, yields long, slender, transparent needles collected together 
in tufts. They become milk-white when heated, and fall to pieces when 
wholly deprived of their water of crystallization. They are not soluble 
either in cold or in hot water, but readily soluble in hydrochloric acid. 
From a solution in warm concentrated hydrochloric acid, boracic acid 
erystallizes out on cooling; from a more dilute solution, ammonia preci- 
pitates the salt in fine needles. The crystals contain 16°67 per cent. of 
magnesia, 25:00 of boracic acid, and 58°33 of water. (Wohler.) 


c. Four-thirds Borate. —Found in nature as Boracite. Transparent 
and colourless cubes with dodecahedral and tetrahedral surfaces (Jig. 17). 
Specific gravity = 2-955. (Rammelsberg.) Harder than felspar. Heated 
in the blowpipe flame on charcoal, it fuses with difficulty, and forms a. 
clear yellowish bead, which on cooling solidifies to a crystalline enamel- 
like mass, covered with needles. (Berzelius.) Insoluble in water but 
slowly dissolved by acids. 

Rammels-  Stro- 
Boracite. Arfvedson. berg. meyer. Pfaff. 
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It may be regarded as 2 (MgO, BO*) + MgO, 2B0*. (Berzelius.) 


d. Terborate-—Hydrate of magnesia or magnesia alba in excess is 
boiled with boracic acid in water, filtered, and evaporated to the crystal- 
lizing point. Granular crystals. (Wéhler.) Crystalline crust. (Ram- 
melsberg.) Has an alkaline reaction, and, when ignited, loses water, 
together with part of its boracic acid, leaving a fused spongy mass. The 
salt yields pure boracic acid to boiling water, and a residue is left which 
appears to be hydrate of magnesia. It dissolves in cold water slowly, 
but in tolerable quantity; the solution does not become turbid on boiling, 
and is precipitated by ammonia, only when concentrated. (Wohler, Pogg. 

28, 527.) Itis soluble in 75 parts of cold water. (Rammelsberg.) 
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Crystallized. | Rammelsberg. 
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c. Sexborate. Sometimes produced in the form of a granular powder 
together with d, in the preparation of d with magnesia alba. When 
ignited, it bakes together and: forms a mass resembling porcelain. (Ram- 
melsberg, Pogg. 49, 455.) Sexborate of potash does not precipitate the. 
salts of magnesia. (Laurent.) | 
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MAGNESIUM AND PHOSPHORUS. 


A. Hypornospurre or Maanesta.—Hypophosphite of lime is boiled . 
for a considerable time with oxalate of magnesia and water, and the 
filtrate evaporated.—Large regular octohedrons, possessing considerable 
hardness. They effloresce in dry air; and, when ignited, yield a consider- 
able quantity of water, together. with spontaneously inflammable phos- 
phuretted-hydrogen gas, and leave a residue of a reddish colour. The 
crystals digested with nitric acid, and then evaporated to dryness, leave 
69°11 per cent. of monophosphate of magnesia. (H. Rose, Pogg. 12, 85.) 
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B. Puospuite or Macgnesta.—Sulphate of magnesia does not give a — 
precipitateswith phosphite of ammonia. The salt is formed’ by boiling 
magnesia albatwith very dilute phosphorous acid, and leaving the filtrate 
to evaporate in vacuo over oil of vitriol. Forms a crystalline crust. 
Ignited in a retort, it yields a large quantity of water, and likewise 
hydrogen gas, the first portions of which are tolerably pure, but the latter 
are mixed with phosphorus. The salt becomes incandescent as it changes 
into phosphate, and yields 47:9 per cent. of phosphate of magnesia, tinged 
with red from the presence of phosphoric oxide. Water dissolves it with 
difficulty. (H. Rose, Pogg. 9, 28.) 


C. Orpinary Prospuate or Macnesta.—a. Zriphosphate. Present . 
in small quantities in vegetables, as in the seeds of the cereal grasses, and 
also in animal bodies, as in the bones, in urinary calculi, and in bezoar- 
‘stones. Formed artificially by precipitating sulphate of magnesia with 
triphosphate of soda. The precipitate dried at 100° still retains 5 atoms 
of water.. When the salt 6 is boiled with water, this compound sepa- 
rates in combination with 5 atoms of water. (Rammelsberg.) The salt is 
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readily soluble in acids, even after exposure to a white heat (by which it 
is converted into a transparent glass.) (Graham,) 


After ignition. — Dried at 100° C, 
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b. Diphosphate.—1. A solution of 2 parts of sulphate of magnesia in 
32 parts of water, mixed with a solution of 3 parts of ordinary diphosphate 
of soda in 32 parts of water, deposits the salt in the course of 24 hours in 
the form of needles. (Fourcroy, Riffault, Graham.)—2. A solution of 
magnesia in phosphoric acid (Bergman), or a mixture of acetate of mag- 
nesia with phosphoric acid (Berzelius), evaporated slowly, also yields 
crystals of this salt.—Small six-sided prisms and needles, having a slightly 
cooling and sweetish taste. (Fourcroy.) The crystals effloresce rapid] 
in the air. At 100°, they lose 8 atoms of water; at 176° (348°8° F.), 
6 atoms more; and at a stronger heat, the 15th atom, which was present in 
a basic capacity. The residue, after strong ignition [di-pyrophosphate of 
magnesia?|, is insoluble in. acids. (Graham.) If the heat is further 
increased, a transparent glass is produced. (Fourcroy.) After several 
days’ digestion with cold water, 1 part of the crystallized salt dissolves 
in 322 parts of the water; the solution becomes turbid at 49°, and 
milky at 100°, im consequence of a portion of the salt separating un- 
changed, although in a very bulky and amorphous state. The boiling 
hot solution contains only 1 part of the salt in 498 parts of water; -but 
on cooling, a part of that which has been precipitated is slowly redis- 
solved. (Graham.) According to Riffault (Ann. Chim. Phys. 19, 90), 
boiling water, decomposes-the diphosphate into a soluble acid salt, and a 
basic salt which remains undissolved. | Schaffer (Ann. Pharm.- 50, 
145) finds, that the basic residue left after treating the diphosphate with 
boiling water, as long as the filtrate remains acid, consists of 3MgO, PO, 
2HO + 5 Aq., as observed by Rammelsberg (vid. supra); the acid solu- | 
tion evaporated in vacuo over oil of vitriol yielded a very acid mass, 
resolved by strong alcohol into’ a basic salt and free phosphoric acid, 
- which dissolved a portion of the undecomposed salt. @ The salt is much 
more soluble in water containing a trace of phosphoric, sulphuric, hydro- 
chloric, nitric, oxalic, or acetic acid; and a solution thus obtained does 
not become turbid on boiling. (Graham, Phil. Mag. Ann. 2, 20; also 
Ann. Pharm. 29, 24.) 


- Without water of érystallization. 
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Crystallized, according to Graham. Riffault. 
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{ D. Di-pyropHospHATE oF Macnesta.—Remains in the form of a 
transparent glass after the fusion of phosphate of magnesia and ammonia. 
Di-pyrophosphate of soda gives no precipitate with sulphate of magnesia 
till after the addition of carbonate of ammonia; it then throws. down 
di-pyrophosphate of magnesia containing but a trace of ammonia, and 
soluble with tolerable facility in an excess of carbonate of ammonia, and 
likewise in pyrophosphate of soda. (Wach. Schw. 59, 207 .) The precipi- 
tate resembies hydrate of alumina in appearance. When dissolved in 
aqueous solution of sulphurous acid and boiled, it is obtained in the form 
of a crystalline powder. (Schwarzenberg.) | 


Schwarzenberg. 


ooo 
Calculation. Amorphous. Crystallized. 
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The cry&tals contain 3 atoms of water. (Schwarzenberg, Aun. Pharm, 
65, 2.) 7 


E. MerapnospHate or Maanesta. 1. Metaphosphate of soda gives 
with the acetate, but not with the sulphate of magnesia, a soft tenacious pre- 
cipitate. (Graham.)—% 2. The salt is also formed by dissolving carbo- 
nate of magnesia in excess of dilute phosphoric acid, evaporating the 
solution to dryness, and heating the residue to a temperature of 316°. 
(Maddrell, Mem. Chem, Soc. 3, 273,, 1848.) . 
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MAGNESIUM AND SULPHUR. 


A. Sutpuwe or Macnestum.—Magnesium cannot be made to com- 
bine with sulphur by fusion. (Liebig.)—100 parts of anhydrous sulphate 
of magnesia exposed to a white heat in a charcoal crucible, leave 39°5 
parts of a white friable residue, which in 100 parts contains 78°0 parts of 
magnesia, 7'2 parts of magnesium, and 12-0 parts of sulphur ; it may 
be regarded as a mixture of magnesia and sulphide of magnesium. 
Boiling water dissolves out [bi-]hydrosulphate of magnesia and leaves 
the magnesia behind. A mixture of sulphate of magnesia and charcoal 
yields very little sulphide of magnesium after ignition, the product con- 
sisting almost wholly of magnesia. (Berthier, Ann. Chim. Phys. 22, 286.) 


Hydrated Sulphide of Magnesium, or Monohydrosulphate of Magnesia. 
—Separates on evaporating an aqueous solution of the bi-hydrosulphate 
of magnesia in vacuo, or on mixing that salt with a concentrated solution 
of bi-hydrosulphate of potash, inasmuch as the latter withdraws the 
water from the magnesia salt ;—or on mixing concentrated solutions of 
chloride of magnesium and bi-hydrosulphate of potash : in either case 
sulphuretted hydrogen gas is set free.—Greyish viscid mass, dissolying:in’ 
acids with evolution of sulphuretted hydrogen. (Berzelius.) © = 
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B, HYDRATED DOUBLE SULPHIDE oF HypROGEN AND MaAGnEstium, or 
BI-HYDROSULPHATE OF Macnesia.—1. Hydrate of magnesia diffused in 
water through which a stream of sulphuretted hydrogen gas is passed, 
is slowly but abundantly dissolved, and this compound is produced.— 
2. A similar solution, but containing an alkaline salt, is produced by mix- 
ing a salt of magnesia with the bi-hydrosulphate of an alkali in a dilute 
state. When too small a quantity of water is present, the compound 
cannot exist, but is resolved into mono-hydrosulphate of magnesia, which 
is precipitated, and sulphuretted hydrogen, which escapes.—The solution 
prepared according to the first method is resolved by evaporation in vacuo 
or in an atmosphere of hydrogen gas—also on being mixed with concen- 
trated bi-hydrosulphate of potash—into sulphuretted hydrogen gas and 
insoluble mono-hydrosulphate of magnesia. By boiling, it loses all its 
sulphuretted hydrogen and deposits hydrate of magnesia. (Berzelius, 
Pogg. 6, 442.) 


C, Hyposutpuite or Macners1a.—Prepared by boiling a solution of 
sulphite of magnesia with flowers of sulphur. (Herschel.) The filtrate 
evaporated over oil of vitriol yields small, transparent, colourless, rectan- 
gular prisms, with rhombo-octohedral summits and with the terminal edges 
replaced by planes. They are permanent in the air, but lose about half 
their water of crystallization at 170°. They fuse and are decomposed by 
a strong heat, evolving water, sulphur, and sulphurous acid, and leaving 
after ignition, 30:75 per cent. of a white semifused mass, consisting of 
sulphite, sulphate, and pure magnesia.—Easily soluble in water; from a 
concentrated aqueous solution it is precipitated by alcohol in the form of 
an oily liquid. (Rammelsberg, Pogg. 56, 303.) 


Crystallized. Rammelsberg, 
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D. Sutpuite or Macnesta.—A white powder, which crystallizes in 
tetrahedrons (oblique rhombic prisms: Muspratt), when its solution in 
aqueous sulphurous acid is evaporated; tastes earthy at first, and sulphu- 
rous afterwards.—It contains 16 per cent. of magnesia, 39 of sulphurous 
acid, and 45 of water (according to Muspratt, 33°85 per cent. of water 
=8 atoms).—Softens when heated, and loses first water and then acid. 
When exposed to the air, it is gradually converted into sulphate, becom- 
ing opaque at the same time.—Sulphite of magnesia is soluble in 20 
parts of cold and in a somewhat smaller quantity of hot water. (Fourcroy 
& Vauquelin.) 


E. HyposunpHate or Magwesia.—Formed by precipitating the 
hyposulphate of baryta with sulphate of magnesia.—Ill-defined, six-sided 
prisms ; very bitter ; permanent in the air. When heated, they fuse in 
their own water of crystallization, and leave, after ignition, 40°775 per 
cent, of sulphate of magnesia. The salt is soluble in 0°85 parts of water 
at 3°. The solution may be boiled without undergoing decomposition. 
(Heeren. ) | 
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F. Sutpnate or Macnesta.—a. Monosutenate. Bittersalt; Seed- 
schiitz Salt, Seidlitz Salt; Epsom Salts; Sal amarum, anglicum, cathar- 
ticum.—Found in the crystalline state; also in magnesia-springs, In cer- 
tain salt-springs, and in sea-water; effloresces on many walls and rocks. 
(Vid. Stromeyer & Hansmann, Schw. 69, 256.)—When magnesia is mixed 
with fuming oil of vitriol, combination takes place accompanied by 
incandescence. 

Preparation—1. By evaporating magnesia waters.—2. From the 
mother-liquor of sea-water and of many salt-springs; also from that obtained 
in the manufacture of alum. The chloride of magnesium obtained in 
the first process is distilled with sulphuric acid, and thus converted into 
sulphate, hydrochloric acid being obtained as a by-product. (Liebig, 
Ann. Pharm..35, 111.)—3. By dissolving native carbonate of magnesia 
in dilute sulphuric acid. For this purpose, either the pure carbonate of 
magnesia known as magnesite may be used, (vid. Anthon, J. pr. Chem. 
9, 1,) or the double carbonate of magnesia and lime, which occurs in the 
form of dolomite, &c. The latter is first ignited, slaked with water, and 
then treated with half the quantity of pyroligneous or of hydrochloric 
acid necessary to dissolve the whole. In this manner the lime is separated 
by elective affinity, and the washed residue, consisting of magnesia, is 
treated with sulphuric acid or solution of green vitriol. (Henry, Ann. 
Chim. Phys. 6, 86.)—4. Serpentine containing magnetic pyrites, is 
washed and exhausted with*water. The serpentine of Mount Ramasso 
at Genoa, which contains veins of magnetic pyrites and copper pyrites, 
is roasted in alternate layers with wood in pits or furnaces. It 1s then 
exposed for some months to the air and frequently moistened with water; 
after which, the sulphate of magnesia, which exudes in a state of efflo- 
rescence, is dissolved out by water—the copper separated from the filtrate 
by means of iron—and the iron by a quantity of burnt dolomite, just 
sufficient for the precipitation. The liquid is then filtered, and evapo- 
rated to the crystallizing point. (Mojon, Holland, Ann. Chim. Phys. 
4, 249.\—Purification. By prolonged and gentle ignition, solution in 
water, boiling with calcined magnesia, filtration, and crystallization. 

Impurities.—1. Sulphate of Soda: The solution precipitated with 
baryta-water, and the filtrate freed from excess of baryta by carbonate 
of ammonia, and then evaporated to"dryness and ignited, leaves carbo- 
nate of soda. Or: A cold solution shaken up with carbonate of baryta 
becomes strongly alkaline. (Kélreuter.) Or: The anhydrous salt ignited 
with half its weight of charcoal yields sulphide of sodium when digested 
in water. (Pagenstecher.)—2. Chloride of Magnesium: A tendency to 
absorb moisture from the air; precipitate with a very dilute solu- 
tion of nitrate of silver.—3. Sulphate of Manganese: A solution mixed 
with sal-ammoniac and ammonia, in a close vessel containing air, 
deposits, after a while, brown hydrated sesqui-oxide of manganese; the 
same effect is produced on passing chlorine'through a solution to which 
bicarbonate of potash has been added.—4. Sulphate of the protoxide or 
sesqui-omide of iron. Precipitate with sulphide of ammonium, and other 
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characters of iron.—S. Sulphate of Copper. Brown precipitate or colour 
with sulphuretted hydrogen. 


On igniting the crystals, a white opaque mass is obtained, of specific 
gravity 2°6066 (Karsten); it has a bitter taste, and, according to Pleischl, 
turns reddened litmus blue. The salt sustains a moderate red heat with- 
out decomposition. By exposure for eight hours to a strong red heat, it 
loses one-fourth of its acid and becomes partially insoluble in water; after 
ignition for a still longer time, it appears to be no longer soluble in 
water, but only in hydrochloric acid, emitting an odour of sulphuretted 
hydrogen. (Daubeny, Hdinb. Phil. J.'7, 111.) [This odour would lead 
to the supposition that the loss of sulphuric acid was due to the action of 
some reducing agent from the fire, and not to the heat alone.|— By heat- 
ing dry sulphate of magnesia to redness with charcoal, a mixture of one 
volume of carbonic acid gas and two volumes of sulphurous acid gas is 
obtained, together with free sulphur, the residue consisting of magnesia 
free from sulphide of magnesium. (Gay-Lussac, J. pr. Chem. 11, 68.) 
At a white heat, a small quantity of sulphide of magnesium is formed 
at the same time. (Berthier, III., 234.)—Ammonia in excess throws down 
from an aqueous solution of this salt a translucent, granular precipitate 
which rapidly collects at the bottom ; it contains 67:5 per cent. of the 
earth, 1:6 of sulphuric acid, and 30:9 of water. (Berzelius,)—Sulphate 
of magnesia is not decomposed by aqueous hydrochloric acid, and erys- 
tallizes without alteration from a solution in this acid, on evaporation 
and cooling. (Kane.)—An aqueous solution is decomposed by double 
affinity, when mixed with chloride of ammonium, chloride of potassium, 
or nitrate of potash; the alkaline sulphate produced unites with undecom- 
posed sulphate of magnesia to form a double salt. (Karsten.) The aflini- 
ties brought into play between sulphate of magnesia and common salt 
vary with the temperature. (I., 131.)—-A recently prepared mixture of 
crystallized sulphate of magnesia and bicarbonate of soda dissolves in 
water without turbidity; but a similar mixture, after being kept for some 
months, deposits carbonate of magnesia. (Planche, J. Pharm. 12, 131.) 
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Combinations with Water. Sulphate of magnesia, after ignition, 
evolves considerable heat on being mixed with water. (Richter.) Hx- 
posed to the air, it slowly absorbs water. 100 parts of the ignited salt 
absorbed from the air in ten days during the month of June, 103°05 parts 
of water (7 At.), but no more afterwards. (Blicher.) 


a. With one atom of water.—Prepared by heating crystallized sulphate 
of magnesia to 132° (269'6° F.) in the air. This last atom of water is 
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not expelled below 210°—238° (410—460°4° F). Graham distinguishes | 
it from the water of crystallization by the name of constitutional water. 


8. With two atoms of water. Obtained by drying the crystallized salt 
in vacuo over oil of vitriol at 100°. Ata temperature of 22° (71°6° F.) 
in vacuo or 100° in the air, rather more than 2 atoms of water are left 
behind. (Graham, Phil. Mag. Ann. 6, 422.) | 


y. With six atoms of Water. Crystallizes from a solution evaporated 
by heat till a crystalline film forms on the surface, and then set aside 
for some time in a warm place. Opaque crystals, similar in form to 
those of borax, but with different angles. (Haidinger, Pogg. 6, 191.) 
When the crystals of the 7-hydrated salt are gradually heated, they sud- 
denly, at 52°, give off one atom of water, and are converted into an 
ageregate of small prisms of the salt y, converging from without to- 
wards the centre of the mass. (Mitscherlich.) Hence it appears that the 
dimorphism described (I., 132), according to Mitscherlich’s earlier state- 
ment, does not really exist, the quantity of water being different in the 
two cases. 
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). With 7 atoms of Water.—The ordinary form of sulphate of mag- 
nesia.—Crystallizes from a warm and not too concentrated solution by 
cooling or by spontaneous evaporation. Transparent prisms and needles, 
belonging to the right prismatic system. (Mig. 71 & 72) wi: u = 90° 
30's wu : t = 184° 4555 wt: at = 129°; y above: y below = 120° 
(nearly) cleavage parallel to t. (Brooke, Ann. Phil. 22, 40.) Specific 
gravity = 1°751 (Mohs), = 1°674. (Kopp.) Effloresces only in warm 
dry air, and then but slightly; when geritly heated, it fuses and becomes 
anhydrous. : 
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MgO, SO? + 7Aq. 123 100°00 100°00 100°00 100700 100°00 100°0 


Henry. A.Vogel. Mojon. Bergman. Dalton. Berzelius. 


"3 Native. 
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100°000 99 100 100 100 100°00 


Several of these last analyses were probably made with the sex-hy- 
drated salt. 


:. With 12 atoms of Water.—A saturated solution of sulphate of mag- 
nesia is resolved, below 0°, into a mass of ice and crystals, which are 
obtained separate after the slow thawing of the ice at 0°. Prepared in 
small quantities they are opaque, but when made on the large scale, trans- 
parent. Above 0° they give off water, and are converted into opaque 
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seven-hydrated salt, without, however, changing their form. (Fritzsche, 
Pogg. 42, 577.) aes 
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Sulphate of magnesia, after ignition, dissolves very slowly in water, 
previously crumbling to a fine powder; the crystals dissolve very rapidly. 
100 parts of water at 0° dissolve 25-76 parts of the anhydrous salt, and 
 0°47816 parts for every degree beyond. (Gay-Lussac.) One part of 
the seven-hydrated salt dissolves in 0°799 parts of water at 18°75° 
(65.75° F.), forming a liquid of specific gravity 1:2932. A saturated 
solution at 8° (46°4° F.), has a specific gravity of 1:267. (Anthon.) Sul- 
phate of magnesia dissolves much more rapidly and abundantly in aqueous 
hydrochloric acid than in water, yielding a clear syrupy liquid, (Richter, 
Stochiom. 2, 245.) 


Strength of an Aqueous Solution of Sulphate of Magnesia, at 15° (59° F.) 
according to Anthon (J. pr. Chem. 9, 8). 


Sp. gr. Per cent. _ SD. gr. Per cent. Sp. gr. Per cent, Sp. gr. Per cent. 
1°270 47°36 1°150 28°57 1:107 20°63 1°055 10°71 

1°250 44°44 1°147 28°05 1:104 20°00 1°050 9°91 

1°230 41°17 1°145 27°53 1°101 19°35 1°046 9°09 

1:207 37°50 1°143 27°01 1°098 18°69 1°043 8°25 

1°174 33°33 1:140 26°47 1°095 18°03 1°039 7°41 

1°172 32°88 3137 25°92 1:091 17°35 1°034 6°54 

1°170 32°43 1°134 25°37 1°088 16°66 1°029 5°66 

1°168 . 31°97 1131 24°81 1°084 15°96 1°024 4°76 

1°166 o1°51 1°128 24°24 1°080 15°25 1°020 3°84 

1°164 31°03 1°124 23°66 1°075 14°52 1°016 2°97. 

1:161 30°55 1:120 23°07 1:072 13°79 1:010 1:96 
1°158 30°06 1°117 22°48 1°068 13°04 1°006 0:99 
1155 29°57 1-114 BL:37 1°064 12°28 

1°153 29°07 Lat 21°26 1°059 11°50 


G. SuLPHIDE or Carpon and Macnestum and HyprosunpHocar- 
BONATE OF Magnesta.—Hydrosulphocarbonate of baryta is precipitated 
by sulphate of magnesia and the filtrate evaporated in vacuo; a film forms 
on its surface, and a portion of bisulphide of carbon evaporates. The dry 
salt is of a pale lemon colour, and not crystalline. Cold water dissolves 
it but partially, acquiring a deep yellow tint and a hot peppery taste. 
The msoluble residue is a basie salt, which is decomposed by ‘boiling 
water, imparting to it a yellow colour, and leaving a residue of carbo- 
nate of magnesia. (Berzelius.) 


MAGNESIUM AND SELENIUM. 


A. SELENIDE oF Maanesium !—An aqueous solution of selenide of 
potassium gives with salts of magnesia a flesh-coloured precipitate from 
which acids separate selenium; it likewise evolves selenium when ignited. 
(Berzelius. ) 


i. Br-nypRosnientatt or Maennsta ?—Magnesia dissolves in water 
through which seleniuretted hydrogen is passed. (Berzelius.) 
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©. Senenrre or Macnusta.—a. Monoselenite.—Prepared by digest- 
ing carbonate of magnesia in an aqueous solution of selenious acid. 
Granular, or crystallizing by the evaporation of a hot aqueous solution, in 
small -hydrated four-sided prisms and tables (in rhombic prisms, accord- 
ing to Muspratt). When heated, it loses water and assumes an enamel- 
like appearance; and, in this state, attacks glass like the selenite of lime, 
but without fusion or loss of acid (after fusion, according to Muspratt). 
Very slightly soluble in hot water. The crystals contain 3 atoms of 
water; and the salt is isomorphous with the sulphate and carbonate of 
the same base. (Muspratt.) | 


b. Biselenite.—Formed by dissolving a in excess of selenious acid, and 
precipitating with alcohol. Uncrystallizable, tenacious, deliquescent 
mass. (Berzelius.) 


D. SELENrIATE oF Maanesta.—Resembling the sulphate in solubility, 
and in the form of its crystals. (Berzelius, Lehrd. 4, 317.) 


MAGNESIUM AND IODINE. 


A. Hypratep ProtiopivE or Maanestum, or HyDRIODATE OF Maa- 
nesta.—A difficultly crystallizable salt which deliquesces in the air, and, 
on exposure to heat, gives off hydriodic acid and is converted into pure 


magnesia. 


B. Hypo-roprre or Maanesta ?—When magnesia and iodine are 
brought together under water, reddish-brown flakes are deposited and 
a small quantity of iodate and hydriodate of magnesia are found in 
the solution; these, on evaporating the water, are likewise changed into 
brownish, insoluble flakes. This brown compound is resolved by heat 
into magnesia and vapour of iodine. Boiled with a large quantity of © 
water, it is resolved into iodate and hydriodate of magnesia which dis- 
solve, and magnesia which remains as a white ‘precipitate. (Gay- 
Lussac.) 


‘C. Iovate or Macnesta.—A soluble salt not yet further examined, 


MAGNESIUM AND BROMINE. + 


A. Bromipr or Macnestum.—Found in sea-water and in numerous 
salt-springs.—Bromine alone does not decompose magnesiavat a red heat. 
(Balard.) The compound is formed by passing vapour of bromine over a 
mixture of magnesia and charcoal at a red heat. (Léwig.) A portion 
of the bromide of magnesium is carried over into the receiver by the car- 
bonic acid gas, another portion remaining at the extremity of the porce- 
lain tube. (Serullas.) White mass, of crystalline aspect; not fusible 
below a red heat; not volatile. (Serullas, J. Chim. Med. 8, 4; also Pogg. 
24, 348.) The dry salt or a very concentrated solution, evolves bromine: 
immediately on the addition of oil of vitriol; but if it be distilled in a 
dilute state with sulphuric acid, the whole of the bromine passes over in 
the form of hydrobromic acid. (Lowig.) ~~ 4c 


Hypratep Bromipe or Macnestum or HyDROBROMATE OF Mac- 
NESIA.— Bromide of magnesium dissolves im water with evolution of heat. 


| CHLORIDE OF MAGNESIUM. 241. 
and a hissing noise (Léwig), and deliquesces rapidly in the air. (Serul- 
las.) Magnesia is dissolved in aqueous hydrobromic acid and the solu- 
tion evaporated to the crystallizing point. ‘This is best accomplished 
under the evaporating receiver by the aid of oil of vitriol. (Rammelsberg, 
Pogg. 55, 239.) Decomposed by heat into hydrobromic acid gas and 
magnesia; deliquescent in the air. (Balard.) On distilling the aqueous 
solution, part of the hydrobromic acid is likewise expelled. (Léwig.) 


Anhydrous. Hydrated crystals. Rammelsberg. 
LS Re ae Besa. 13°27 BE) AR Le reo ke ca." 8°74 
|) pea see rene OPES 00-8673 Bras io dite eee... 54°00 
GHO |..:.: ¢54°0uP SR ess 402-3: 7°26 
MgBr ........ 90°4 .... 100°00 + 6Aq..... 144°4. .,.. 100°00__..... 100°00 


.B. Hyposromire or Macnesta ?—Bromine, shaken up with mag- 
nesia diffused in water, and filtered, yields a yellowish liquid, which first 
turns reddened litmus blue and then bleaches it; bromine is evolved on 
the addition of even the weakest acids. (Léwig.) Light, heat, evapora- 
tion ..1 vacuo, or an excess of bromine, decomposes this compound into bro- 
mate and hydrobromate of magnesia. (Balard.) 


C. BRoMATE oF Macnrst1a.—Prepared by dissolving pure magnesia or 
_ the carbonate in an aqueous solution of bromic acid. (Léwig.) Regular 
- octohedrons containing water; they eflloresce in the air and fuse when 
heated, in their water of crystallization, which is driven off entirely at a 
temperature above 200° (392° F). On slightly increasing the heat, 
yapour of bromine and oxygen gas are expelled, and pure magnesia re- 
mains behind. Soluble in 1°4 parts of cold water. (Rammelsberg, , Pogg. 
52, 89.) 


MAGNESIUM AND CHLORINE. 


A. Cuore or Macnesium.—Found in sea-water and in several 
mineral waters and salt-springs. Magnesium takes fire in chlorine gas. 
(Liebig.) Magnesia absorbs chlorine at a red heat, evolving a quantity 
of oxygen gas equal to half the volume of the chlorine. (H. Davy.)—1. 
Prepared by passing chlorine over ignited magnesia. (Gay-Lussac & Thé- 
nard.)—2. By passing chlorine over an ignited mixture of magnesia and 
charcoal, which latter facilitates the decomposition. Bussy (J. Chim. Med. . 
6, 141) mixes equal parts of magnesia and starch with a small quantity of 
water, and works them well together to the consistence of dough; ignites 
the mixture thoroughly in a covered crucible; heats the carbonaceous 
residue to redness in a slightly inclined porcelain tube; and passes chlo- 
rine gas over it. The chloride of magnesium runs down the tube without 
volatilizing.—8. By igniting the double chloride of magnesium and am- 
monium. (Débereiner, Schw. 28, 90.) Liebig evaporates a solution if 
equal parts of hydrochlorate of magnesia and sal-ammoniac to dryness ; 
projects the residue in small quantities at a time into a red-hot platinum 
crucible; and continues the heat till all the sal-ammoniac is expelled, and 
the mass enters into tranquil fusion. A similar product is obtained by 
igniting an intimate mixture of 1 part of magnesia with 2 parts of sal- 
ammoniac. (Berzelius.) 

White, translucent mass, consisting of large, flexible, crystalline 
plates, with a pearly lustre. Fuses by gentle ignition, and forms a clear 

VOL, III. R : 


949 pie MAGNESIUM. — 


liquid. Its taste is sharp and bitter. It may be ignited in a perfectly — 
dry atmosphere, without undergoing decomposition ; but when water 1s 

present, it is resolved into hydrochloric acid gas and magnesia. (Gay- 

Lussac & Thénard.) It is decomposed by ignition with chlorate of 

potash. (Dobereiner, WV. Br. Arch. 18, 155.) Red oxide of mercury heated 

in an aqueous solution of this salt precipitates magnesia. (Berzelius. ) 


Calculation. 
IES os severessanas 12°0 err 25°32 
CANS eee 35°4 nae 74°68 
Mg, Cl... 47°4 oe 100:00 
Or: Wenzel. Marcet. Berthollet. 
MgO. ..0:.c.0003 20°0- 3... 74248 a 43 sie 43°99 ots 36°5 
MuO? ........ yA Ce | ier) Sear 57 ripe 56°01 ieee 63°5 
Be ie bp 
MgO, MuO?- 47-4 .... 100°00_.... 100 ... 100°00 .. 100°0 


Hydrated Chloride of Magnesium or Hydrochlorate of Magnesia.— 
Chloride of magnesium evolves considerable heat. with water. (Dobe- 
reiner.)—1- Magnesia alba 1s dissolved in dilute hydrochloric acid and 
the solution evaporated.—2. A solution of 2 parts of sulphate of mag- 
nesia and 1 part of common salt in 41 parts of water is evaporated to. 
4 parts, and exposed to a temperature of 8° (87:4° F.), whereupon 
Glauber’s salt crystallizes out, and hydrochlorate of magnesia remains 
in solution. (Berzelius.) Crystallizes with difficulty in needles and 
prisms; has a sharp bitter taste. The crystals begin to give off hydro- 
chloric acid at 106°; fuse partially at 112°, and completely at 119° 
(Brandes, Br. Arch. 12, 195); and are converted, with loss of water and 
hydrochloric acid, into a mixture of magnesia with a small quantity 
of chloride of magnesium. (H. Davy.) The presence of sal-ammoniac 
(Débereiner) or of chloride of sodium; (Ligéard, Br. Arch. 14, 149)— 
compounds which have great affinity for chloride of magnesium—pre- 
vents its decomposition into hydrochloric acid and magnesia, by evapora- 
tion and exposure to a high temperature. The salt is deliquescent in the 
air; dissolves in 0°6 parts of cold, and in 0°273 parts of hot water; ine. 
5 parts of alcohol of specific gravity 0°90"; and in 2 parts of alcohol of ~ | 
specific gravity 0°817, Bee ng 


‘a 
Crystallized. Graham. 
Whig acd efdieg secs 190) i - 
Ot Fiance rea ts 35°4 ers 34°91 se 33:91 
GEO shearer: 54°0 nay 23:26 
Se RA FM ede hee PE 
MgCl + 6Aq....... 101°4 100°00 
Or: Murray. 
MgO secscrcssecrereensenrernanee BORON ten 19°72 ai 21°3 
FG Gisccrancieniysecnayscnns 36°4 ous 35°90 
A Ocha tings seven yas eaggerse 45:0 Shas 44°38 
Se ANA a AN Nie DN SD eee EE 
MgO, HCl + 5Aq. vss 1014... +~—:100°00 


With hydrochlorate of magnesia, ammonia in excess gives a colourless, 
opaque, clammy precipitate, which slowly collects at the bottom of the 
vessel, and, after thorough washing, still retains about one per cent, of 
hydrochloric acid. (Berzelius.) 
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B. Hypocutorire or Macgnesta.—The earth dissolved in an aqueous 
solution of hypochlorous acid yields a bleaching liquid, which, when excess 
of the acid is present, is gradually and spontaneously converted into chlo- 
rate and hydrochlorate of magnesia, oxygen and a small quantity of chlo- 
rine being set free. If the magnesia is in excess, it is decomposed by 
evaporation in vacuo. (Balard.) Chloride of magnesia—that is to say, the 
hypochlorite mixed with hydrochlorate of magnesia—is obtained when 
chlorine gas is passed through water in which magnesia is diffused. The 
liquid, even after boiling for a quarter of an hour, still retains bleaching 
properties. (Grouvelle. ) 


C. CuLorATE or Maanesta.—Mg0, Cl0® + 6Aq. Hydrofluosilicate 
of magnesia is added to a boiling aqueous solution of chlorate of potash as 
long as a precipitate appears; the liquid is then filtered and evaporated 
to a small bulk. (Berzelius.) This compound forms a thin crystalline 
crust, and possesses, according to Chenevix, the same cHaracters as the 
chlorate of lime; according to the same authority, it contains 25°7 per 
cent. of magnesia, 60°0 of chloric acid, and 14:3 of water. It is readily 
soluble in alcohol; fuses at 40°; and loses its water at 120°. (Wachter. ) 


D. Percutorate or Macnesta.— Long prisms, deliquescent, and 
soluble in alcohol. (Serullas.) 


H. Cutoripe or Iopinz anp Macnrstum.—1. Iodate of magnesia 
rubbed down with hydrochloric acid of 22° Bm. to a thin paste, is intro- 
duced quickly into a cylindrical vessel surrounded with lukewarm water, 
and hydrochloric acid gas passed through till every thing is dissolved, and 
no more chlorine escapes ; the liquid is then cooled till crystallization com- 
mences.—2. A concentrated solution of hydriodate of magnesia is satu- 
rated with chlorine gas.—3. An aqueous solution of terchloride of iodine 
is mixed with hydrochlorate of magnesia.—Crystals, not distinguishable, 
either in form or in colour, from the potassium compound, and of similar 
chemical constitution; very easily decomposed. Deliquescent. (Filhol, 
J. Pharm, 25, 442.) 


MAGNESIUM AND FLUORINE. 


A. Fivorme or Maaenestum.—Formed by treating carbonate of 
magnesia with hydrofluoric acid, or by mixing fluoride of potassium with 
sulphate of magnesia dissolved in water. White, tasteless, and not de- 
composed by ignition. (Berzelius.) Insoluble in water, and nearly inso- 
luble in acids (Gay-Lussac & Thénard); not soluble in water, or in excess 
of aqueous hydrofluoric acid, (Berzelius, Pogg. 1, 22.) 


___ 8B. Hyproriuate or Borate or Macnesta.—Large prisms, of a 
bitter taste ; readily soluble in water. (Berzelius.) 


MAGNESIUM AND NITROGEN. 


A. Nitrite or Magnesta.—Deliquescent. (Mitscherlich.) Forms a 
scaly, saline mass, readily soluble in alcohol; insoluble in absolute alco- 


hol. (Fischer, Pogg. 74, 115.) eee: 
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_ B. Nitrate oF Maonesta.—Found in spring-water, though rarely, 
asin that of Stockholm. (Berzelius.) It is formed in nitre-beds when 
substances containing magnesia are present. Prepared by dissolving mag- 
nesia alba in nitric acid and concentrating by evaporation.—The salt does 
not give up the whole of its water, even at a temperature between 320° and. 
400°.(608°, 752° F.), not ‘ndeed till the acid itself begins to escape (in the 
form of hyponitric acid and oxygen gas). The decom position may be com- 
pletely effected over the flame of a spirit-lamp. (Graham, Schw. 5&, 195.) 
The salt detonates slightly with combustible bodies, and is decomposed by 
an aqueous solution of sulphate of potash into nitrate of potash and sul- 
phate of magnesia, which forms a double salt with the sulphate of potash 
if the latter is in excess. (Funcke. ) 

x. With one atom of Water.—Prepared by heating the sex-hydrated 
salt to the melting point of lead. The fused residue is transparent. (Gra- 
ham, Ann. Pharm. 29, 17.) . . 

8. With 6 atoms of Water.—Crystallizes, on cooling a concentrated 
solution. » Rhombic prisms and needles, having a sharp bitter taste. The 
crystals melt in the fire, and lose from 34°02 to 34°26 per cent. (5 At.) of 
water. (Graham.) They deliquesce rapidly in the air, and dissolve in 
half their weight of cold water, and in 9 parts of cold alcohol of specific 
gravity 0°840; with greater difficulty, however, in absolute alcohol 
(according to John, scarcely at all). 


Anhydrous. Wenzel. Bucholz. Richter. Berthollet. 
MeO eit 20 O42 2o.  OB. fe & 30. ia. 100 Somme 33°6 
IN ORR een. 8 54 72°97 2 190 a 7.69 OS eee 


MgO, NO° 74°. 100-0065: S100 100 -a.:. "10000 5 200 
With one atom of water. 

MsO >..aereindises Oiie as dhe earl) 

TNO Bee copiens sv encaesee 54 ae 65°06 

HO (Sitter 2 Bad 10°84 

MgO, NO® + Aq... 83 fo, 5 LOO200 

Crystallized. Graham. - Kirwan. Bergman. 
DO ace acsedsednssncenn nese 20 15°62 as 15°86 reap 22 ra 27 
INP ees cepsessaciensvem 54 42°19 is0 bs 46 ae 43 
ETD Firccesscnevitvestyieasss 54 42°19 Gens isa 32 es 30 


Mg0,NO® + GAq. 128. 100-00 .... 7. . 100 saree 


The last two formule may also be written: MgO, HO,NO® and: 
MgO, HO, NO*® + 5Aq. 


CG. CarponaTE oF MAGNESTA AND Ammonta.—Crystallizes from a 
mixture of the cold aqueous solutions of sulphate or hydrochlorate of magne- 
sia and excess of sesqui-carbonate of ammonia, after standing for several 
hours. (Fourcroy, Bucholz; Gren, Grundr. d. Chem. revised by Bucholz, 
1,274.) From 2 to 38 parts of carbonate of ammonia are required for one 
part of sulphate of magnesia. (Guibourt.) A solution of magnesia in an 
aqueous solution of sesqui-carbonase of ammonia also yields a crop of crys- 
tals after a short time. (Wittstein, Repert. 57, 67.) ‘Translucent ear 
hedral crystals. (Débereiner, Schw. 13, 320.) They evolve ammonia when 
exposed to the air. The odour is no longer emitted after they have been 
thoroughly dried by means of chloride of calcium, but is again evolved 
when they are wetted. (Guibourt.) |The residue, after ignition, consists 
of magnesia. The crystals are not soluble in aqueous solution of carbonate 


- 
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of ammonia, but dissolve in pure water without decomposition. The solu- 
tion, when heated, evolves carbonate of ammonia, and deposits all the 
magnesia in the form of carbonate. (Guibourt.) Ifa portion of sulphate 
of ammonia still adheres to the salt, the precipitate diminishes in quantity 
on further application of heat. (Guibourt.) According to Bucholz, the 
erystals are decomposed by water, a salt richer in carbonate of ammonia 
being dissolved, and a salt containing less of that substance remaining 


behind. 


Crystallized. Bucholz. Guibourt. 
IN EES §eehis ioe L7 13°49 
MgO cre. 20 15°87 as 18 fas 15°625 
AS a ect, 44 34°92 as) 32 
Te oi 45 35°72 +NH? 50 


126 100°00 100 


D. Borate or Maanesia AND AMMmonrIA.—An aqueous mixture of 
borate of ammonia and hydrochlorate of magnesia spontaneously evapo- 
rated, deposits a crystalline crust containing 2°69 per cent. of ammonia, 
from 8 to 9 of magnesia, and from 43 to 45 of water, while chloride of 
ammonium and the excess of borate of ammonia remain in the mother- 
liquid. An aqueous solution of this salt becomes turbid when boiled, and 
evolves ammonia. (Rammelsberg, Pogg. 49, 451.) 


EK. Puospuire or Maanesta AND AmMontA.—Formed by mixing the 
solutions of the two simple salts. Crystallizable, and but slightly soluble 
in water. (Fourcroy & Vauquelin.) 


F. Pnospuarrn or Maanesta AND AmmontA.—Discovered by Four- 
croy.— Found native by Ulex (Ann. Pharm. 58, 99), in some old soil 
in the city of Hamburg, crystallized in regular six-sided prisms with 
dihedral summits, belonging to the right prismatic system. Some of the 
crystals were between one and 11 inch long, and 4 inch thick, and weighed 
from one to 2 grammes, Sp. gr. = 1:7. Ulex distinguishes this mineral 
by the name of Struvite. {| Found likewise in certain animal concretions, 
and deposited from decomposing urine. It is precipitated from any solu- 
tion whatever, in which magnesia meets with phosphoric acid and ammo- 
nia.—1. Phosphate of magnesia with diphosphate of ammonia. (Fourcroy.) 
The supernatant liquid becomes acid. (Wach.)—2. A neutral salt of mag- 
nesia with diphosphate of ammonia, the solution being heated. (Berzelius.) 
In this case also the liquid becomes acid. (Wach.) 


2(MgO, SO) + 2NH3, cPO® = NH3, 2MgO, cPO* + NH, SO? + S03, 


—8. A salt of magnesia with phosphate of ammonia mixed with free 
ammonia.—4. A salt of magnesia mixed with bicarbonate of ammonia, 
and then with diphosphate of soda. (Riffault, Ann. Chim. Phys. 19, 90; 
also V. 7r. 7, 1, 302.)—5. A salt of magnesia mixed with diphosphate of 
soda, and then with ammonia. Graham (Ann. Pharm. 29, 25) adds to 
4 lbs. of hot water containing 200 grs. of ammonia, 350 grs. of ordinary 
crystallized diphosphate of soda, 100 grs. of salammoniac, and 200 grs. of 
sulphate of magnesia. The precipitate gradually appears, and the alka- 
line liquid bécomes neutral ; if the ammonia be left out, the same precipi- 
tate is obtained, but in smaller quantity, and the supernatant liquid be- 
comes acid. The precipitate is well washed with cold water, pressed 
between blotting-paper, and dried in the air ata temperature of 18°. 
(64°4° F.) 


° 
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In all these éases, the salt is precipitated by degrees, and the precipi- 
tation is never complete unless an excess of the phosphate is present in 
the solution. (Berzelius.) The salt is deposited on the sides of the glass 
yessel, especially where the stirring rod has scratched it. (Wollaston.) 
~ White, sandy, crystalline powder, or translucent four-sided prisms, 
with irregular four-sided summits. Tasteless. Parts with ammonia even 
at ordinary temperatures on exposure to the air (Pfaff); when dried for 
several days in vacuo over oil of vitriol, it loses both water and ammonia, 
(Wach. Schw. 59, 290.) Heated in a retort to 100°, it loses 10 atoms of 
water, but no ammonia. (Graham.) When strongly heated, it loses all its 
ammonia and water, and is reduced to a powder which fuses before the 
blowpipe to a clear glass consisting of dipyrophosphate of magnesia. If, 
when all the water and ammonia have been driven off at a moderate heat, 
the residue is subsequently exposed to a greater degree of heat, it becomes 
slightly incandescent. (I. 107.) If the residue be dissolved in nitric acid 
before incandescence, the solution gives a yellow precipitate with nitrate 
of silver; but if it be not dissolved till after incandescence has taken 
place, a white precipitate is obtained, in consequence of the formation of 
pyrophosphoric acid. (Berzelius.) (Hourcroy, Syst. de connaiss. chim. 3, 
268.) The ignited residue amounts, according to Wach, to 44°6 per cent. ; 
according to Riffault, to 47°475; and according to Lindbergson, to 62°9 
per cent.. It contains in 100 parts, 22°26 parts of magnesia, according to 
Lindbergson; 35°378 parts (Riffault); 36°67 parts (Berzelius); 37 parts 
(Stromeyer, Pogg. 11, 170); and 39 to 48 parts according to Pfaff. Accord- 
ing to the calculation giver below, 100 parts of the salt yield by ignition 
45°39 parts of residue, containing 35°91 per cent. of magnesia, and 
64:09 per cent. of phosphoric acid. By igniting the salt with charcoal, 
a portion of its acid is reduced to phosphorus. The fixed alkalis set 
the ammonia free; and acids; including acetic and carbonic acid (Pfaff, 
Schw. 36, 431), dissolve the salt readily, with partial decomposition. 
The solution in hydrochloric acid, evaporated to dryness and heated, 
yields a sublimate of sal-ammoniac. (Marcet.) The salt is insoluble in 
water which contains any salt of phosphoric acid whatever, but is slightly 
dissolved by pure water and by the aqueous solutions of other salts. 
(Berzelius, Pogg. 4, 275.)—I One part of the salt dissolves in 15,298 
parts of pure water at ordinary temperatures ; the solution mixed with 
ammonia gives, after some time, a distinct crystalline precipitate. One 
part of the salt dissolves in 44,330 parts of solution of ammonia; in 7,548 
parts of chloride of ammonium; and in 15,627 parts of a solution of chlo- 
ride.of ammonium containing free ammonia, (Fresenius, Ann. Pharm. 55, 
109, 1845.) | 


Wach. 
EE ———— 
Calculation. (3.) (2.) (1.) 
NEP. sisvvens 17°0 6°93 6°76 iui 7°15 ken 7°07 
2MgO ©... 40°0 16°30 16°24 sie 17°04 eo 17°10 
CPO? Ono 71°4 29°09 28°36 vile 29°75 sai 29°85 
LBRO: siscowve 117°0 47°68 48°64 Fees 46°06 ae 45°98 
Fe ese ng ie Ap eR LEN ve oe ne ECGS EPEET Cis SUNOS VO 
245°4 100°00 100°00 weve 100-00 sive] at Oe OD 
Otto. Riffault. (4.) Lindbergson. 
6°83 ats 13°88 11°65 
16°28 wits 16°81 atk 14:00 
28°12 ie 30°67 wire 48°90 
BAT Ay 4 38°64 25°45 


a a ia ci ti ne 
100°00 vans 100°00 bees 100°00 
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_ The salt is regarded by Graham as NH‘O,2Mg0O, cPO® + 2HO + 
10 Aq. The oxide of ammonium formed from the elements of ammonia and 
one atom of water, constitutes the third atom of base; and of the other 
12 atoms of water, 2 atoms are more intimately, and 10 atoms less inti- 
mately combined. From the analysis of Lindbergson (Schw. 30, 487), 
- Berzelius concludes that there likewise exists a more neutral salt, com- 
posed of NH*, MgO, PO’ + 4Aq.—and obtained as a fine, slowly falling 
crystalline powder on mixing warm solutions of sulphate of magnesia and 
diphosphate of ammonia; but according to Wach., this precipitate has the 
composition given under 2. According to Graham, also, there exists but 
one double salt composed of magnesia, ammonia, and ordinary phosphoric 
acid. Tunnermann (JV. 7. 26, 1, 6) supposes the existence of even six 
varieties of this salt, 


G. MetaruosPHaTre oF Maanesta AND AmMmonitA.—Hydrated meta- 
phosphoric acid recently ignited, is dissolved in ammonia—the vessel 
containing the mixture being kept cool with water, and the solution 
added to that of sulphate of magnesia. As long as the latter continues 
in excess, the precipitate first formed is redissolved ; but on the addition 
of a larger quantity of metaphosphate of ammonia, it becomes permanent. 
Alcohol precipitates the portion which still remains in solution. An 
excess of hydrochlorate, nitrate, or acetate of magnesia, which gives the 
same precipitate, does not dissolve it so readily.—Feathery flakes, uniting 
in a stringy mass like turpentine, which, after being washed with water 
and dried, becomes transparent and brittle like glass. Heated in a glass 
tube, it swells up to an opaque spongy mass, and evolves nothing but 
water at first, but afterwards a large quantity of ammonia. The residue 
neither becomes incandescent nor fuses at the temperature at which glass 
softens. It dissolves with difficulty in water, forming a solution which 
has an acid reaction; it is but slightly soluble in acids. The undecom- 
posed double salt dissolves somewhat freely in cold water, but is precipi- 
tated on the addition of alcohol. The cold solution, which exhibits an 
acid reaction on vegetable colours, deposits the salt on the application of 
heat, in a mass of the consistence of turpentine, but dissolves it again on 
cooling. In boiling water, the salt swells up to an opaque frothy mass, 
but does not dissolve to any considerable extent. (Wach, Schw. 59, 297.) 


Calculation. Wach. 

Ts a SE dee ey ine eee 17°0 me ech ai 3°124 

MINE CER Seonistanit 80°0 laeg 14°69 ae 14°393 
OP dS ucts’ 285°6 che 52°44 rhe 53°552 . 
MER gi tenekos ~  162°0 an 29°75 oe 28-931 ved 

544°6 Sti 100°00 “tk 100°000 


The stoichiometrical relations of this compound do not correspond, 
either to those of a metaphosphate or to those of a pyrophosphate. 


| H. Hyposvuentre or Maanesta and AmMonrA.—Prepared by 
decomposing the double sulphate with hyposulphite of baryta or strontia, 
and. cooling the filtrate below the freezing point. Very deliquescent 
crystals. The formula of the salt is NH*O, MgO, 28°O* + GAq. (Kess- 


ler, Pogg. 74,274.) VT 


I. Sunpuire or Maayesta anp Ammonra.—When magnesia 1s 
dissolyed at a low temperature in an aqueous solution of sulphite of 


bal 
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ammonia (at too high a temperature, all the ammonia 1s expelled), the 
double salt separates from the solution in shining crystals, nearly tasteless, 
_and but slightly soluble. (Fourcroy & Vauquelin.) 


K. SunpHateE oF MAGNESIA AND Ammonta.—Precipitated as a 
crystalline powder, on mixing the concentrated solutions of the two 
simple salts. Crystallizes in large transparent prisms, belonging to the 
oblique prismatic system (Fig. 84), together with the ¢ and / surfaces ; 
4: u or ui = 104° 45’ (108° Beudant); 1:4 = 154° 40’; 1: h backwards 
— 135° 40; 4: f= 115° 805 wiv 109° 30! (109° Beudant); wit 
— 125° 15!. (Brooke, Ann. Phil. 23, 117,) Sp. gr. = 1:721. (Thomson. ) 
Taste, acrid and bitter. The crystals, when heated, undergo the aqueous 
fusion and are decomposed. At 132°, they lose all their water, except- 
ing the one atom which belongs to the ammonia. (Graham.) They are 
less soluble in water than either of the simple salts of which they are 
composed. 


_ Crystallized, according to Mitscherlich. 


Nee eels Bk oO yi ene 47 age 9°44 
CC Se Re SLR ti Sak MA Canes 0 ididke.. 1111 
OREN Meh sic Mech ath, Secsbuighhtene BUie: ye 44°45 
Lf cee eae | Med I BOT ie She oes) 35°00 
NH‘O, SO? + MgO,SO? + 6Aq. 180 ... — 100°00 


L. CuLoripE or *MaGnesium AND AMMONIUM, and HyDROCHLORATE 
or Maenusta anp AMMonra.—NH‘O, 2Mg, 8Cl + 12Aq._ 1. Solutions 
of hydrochlorate of magnesia and of sal-ammoniac mixed together, soon 
deposit small crystals of the-double salt. (Foureroy.) 2. Ammonia added 
in excess to a solution of protochloride of magnesium, precipitates exactly 
half the base. (Pfaff.) 3. Magnesia shaken up with a cold solution of 
sal-ammoniac, dissolves with evolution of ammonia. In both cases, the 
above compound of chloride of magnesium or hydrochlorate of magnesia 
with sal-ammoniac is the result.—Small crystals, belonging to the oblique 
prismatic system, having a bitter saline taste, and soluble in 6 parts of cold 
water. (Fourcroy.) When dried at 100°, the salt loses 4 atoms of water. 
Fuses when ignited; gives off water and sal-ammoniac, and leaves chloride 
of magnesium. | 


M. Nirrate or Maenesta and Ammonta.—Solutions of nitrate of 
ammonia and nitrate of magnesia deposit, soon after mixture, fine needles 
having a slightly bitter taste. These crystals, when suddenly heated, 
exhibit incandescence ; but if the temperature be more gradually raised, 
they fuse and evolve oxygen, nitrogen, hyponitric acid, and water, leaving 
a residue of magnesia. They attract moisture from the air, dissolve in 
10 parts of water at 12°5°, and in a smaller quantity of boiling water. 
Magnesia, with the aid of heat, expels ammonia from this compound. 
(Fourcroy, Ann. Chim. 4, 215.) Since, according to Pfaff, an excess of 
ammonia precipitates from neutral nitrate of magnesia no more than 
one-third of the magnesia, the salt would appear to coutain but one atom 
of nitrate of ammonia to 2 atoms of nitrate of magnesia. Graham (4zn. 
Pharm. 29, 18) did not, however, succeed in preparing this salt, as each 
of the simple salts crystallized separately from the mixed solution. 


aad , 
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MAGNESIUM AND Porassium. 


A. Maenesta anp Potasn?!—Hydrate of magnesia precipitated by 
potash retains a portion of the alkali, however long it may be washed, 
Water dissolves out a compound which contains more potash, deposits 
magnesia on the application of heat, and then reddens turmeric; but the 
undissolved portion always retains a small quantity of potash, which, by 
dissolving in nitric acid, evaporating to dryness, and igniting, may be 
obtained as nitrite of potash. (Grouvelle, Ann. Chim. Phys. 17, 354.) 


B. CarBonatE oF Macnesta anp Potasu.—Deposited after a few 
days, in large crystals, from a cold aqueous mixture of hydrochlorate or 
nitrate of magnesia with excess of bicarbonate of potash. ‘Tasteless at - 
first, but after a few seconds exhibits an alkaline flavour. At 100°, the 
crystals become opaque and lose water. When strongly heated, they 
soften and evolve carbonic acid gas in large bubbles; after ignition, a 
mixture of magnesia and normal carbonate of potash remains. Water 
dissolves the crystals, but not without decomposition, taking up bicar- 
bonate of potash together with bicarbonate of magnesia, and leaving an 
insoluble residue of three-fourths carbonate of magnesia. (Berzelius, Ann. 
Chim. Phys. 14, 870.) The portion which remains undissolved after 
digestion in water, is ter-hydrated monocarbonate of magnesia, mixed 
with the penta-hydrated salt, the quantity of the latter being greater as 
the temperature of the water is lower. (Fritzsche.) 


Crystallized. Berzelius. 
Lt AGE RE ee epanarreny Wn Cae 47°2 18°4 ee 18°28 
gs UES sea ere eae 40:0 15°6 sind 15°99 
CAC CEE Eee NETL Tee 88°0 . d4°4 aes 34°49 
3 Bea Re Dee Fel A Der Pe 81:0 31°6 so 31°24 
KO, 2CO? + 2(MgO,CO?) + 9Aq. 256°2 .... 100°0 ao, 20000 


Another double carbonate of magnesia and potash is precipitated, 
together with carbonate of magnesia, on adding an excess of carbonate of 
potash to the solution of a magnesia salt, at a temperature below the 
boiling point. It is bué slightly soluble in water, and crystallizes from 
its solution in small grains. If the temperature is raised to ebullition, 
pure carbonate of magnesia is alone precipitated, (Bonsdorff, Ann. Chum. 
Phys. 20, 12; & Pogg. 18, 126.) 


C. Boratr or Macnesta anp Porasu?—From an aqueous mixture 
of one atom of borate of potash and 2 atoms of hydrochlorate of magne- 
sia, chloride of potassium slowly crystallizes: the syrupy mother-liquor 
solidifies in a crystalline mass. (Rammelsberg.) 


D. Hypvosunpntre or Maenesta anp Porasu.—The mixed solution 
of the two salts in equivalent proportion yields, on evaporation, a crys- 
talline mass, which, by rinsing with water and recrystallization, may be 
purified from excess of the more soluble potash-salt. The crystalline 
mass does not lose water over oil of vitriol in vacuo ; when exposed to 
the air, it rapidly attracts moisture. (Rammelsberg, Log9. 56, 304.) 
Fuses and deposits sulphur even below 100°. (Kessler-) 
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Calculation. Rammelsberg. 
KO ssa, AT le 21°73 fees o1:43 
MgO .« 1 200 - ts. 9°21 ont 9°31 
9802... 960: ..., | 44°20 
GHO &;.:: 54:0 aan 24°86 
217°2 ...  100°00 


E. Sutpuate oF MaGNesiA AND Porasn.—Found, according to 
Marcet, in sea-water; also in the mother-liquor of the Lineburg, and 
-Schinebeck springs. (Busch, Hermann, Sr, Arch, 28, 257 and 259.) 
Formed by evaporating the mixed solutions of the two simple salts to the 
crystallizing point. Hydrated crystals, isomorphous with those of the 
double sulphate of magnesia and ammonia, (Fig. 84.) t:woru= 
102° 20'; ¢: m= 105° 8; t: a= 154° 30°; ¢: f= 116 45); wiu= 
108° 45!. No plane of cleavage. (Brooke, dnn. Phil. 22, 41.) Loses all 
its water of crystallization a little above 182° (269°6° F.), (Graham.) 
Soluble in water. 

Crystallized, according to Mitscherlich. 


SCO heated acuta eee A223) bien) lene 
MeO see ss ees Lig emit 9°94 
ah Os IS Neobe rennin eee 800° © 1, | BOs 
Bee ee ees 540s Ss 26°84 
KO, SO?+ MgO,SO?+6Aq. 2012 ... 100-00 


According to Pfaff and Van der Smissen (Schw. 45, 380), sulphate of 
potash unites with the sulphate of magnesia in different proportions, 
giving rise to differently formed crystals. Thus, Link obtained long 
prisms which crumbled in the air; Berthollet, permanent rhombohedral 
crystals. . 


F. Hypratep Bromipr or Macnesrum anp Porassium, or HyDRo- 
BROMATE oF MaGnesta AND Potasu.—A dilute aqueous mixture of the 
two simple salts evaporated in the air, yields large, transparent, right 
rhombic prisms having a cooling bitter taste, like that of borax; they 
are permanent in the air. When heated, they fuse in their own water of 
crystallization. Alcohol separates the bromide of magnesium, leaving the 
bromide of potassium unacted on. The crystals are very soluble in 
water; the solution evaporated between 75° and 87° (167° to 188°6° F.), 
deposits crystals of bromide of potassium, and retains the bromide of 
magnesium in solution. (Léowig, Repert. 29, 261.) 


Crystallized. Lowig. 
NES aah viaricedhuatedoy trivia rgnustvarst 39°2 14°96 ror 15°65 
lees delice eationonms ak wail 12:0 4°58 is 4:70 
QBP seciwvsevevevetostoaweedons Hones veqevne 156°8 59°85 ag 58°60 
ELD vives tanbsneieaaticsopeosea shorn 54°0 20°61 fest 21°05 
KBr, MgBr + 6Aq. suse 2620 .... 100°00 ww. 100-00 


G. Hypratep CHioripe oF Maa@nesium anp Porassium, or Hy- 
DROCHLORATE oF Macnesta AND Potasu.—Crystallizes from the last 
mother-liquor of sea-water, by careful evaporation, in rhombohedral erys- 
tals (Marcet), and from the mother-liquor of the Salzhausen spring, 
during the cold of winter, in irregular octohedrons with truncated vertices. 
(Liebig, Kastn. Arch. 9, 316.) It deliquesces in the air, forming a solu- 
tion of hydrochlorate of magnesia, while chloride of potassium remains 
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undissolved. (Liebig.) Alcohol also withdraws hydrochlorate of magne- 
sia from the crystals, leaving chloride of potassium; they are also resolved 
into the two simple salts by solution in water. 


Crystallized. Or: Liebig. 
a srocati velit des svssesas 39°2 14°13 ) 4 ee 47°2 TUM pee fe Oe 
Pe io ivlrcsas osc 24:0 865 2MgO... 40:0 14:42 ... 14:05 
RGD dec ccs ovedusct vest sece ssi 106°2 38°29 3HE! .° 109°2 39°37) ows. - 37°65 
BPMIO ircstisisavyiens, 108°0 38°93 9HO ... | 81:0 29°20 is += 30°01 
KCl, 2MgCl + 12Aq. 277°4 100°00 277°4 =+100:00 .... 98°01 


MAGNESIUM AND SoDIUM. 


A. MacenestA AND Sopa?!—Similar to the compound of magnesia 
and potash. (Grouyelle.) 


B. CARBONATE OF MAGNESIA AND Sopa.—da. An aqueous solution 
of the hydrochlorate or nitrate of magnesia mixed with excess of bicar- 
bonate of soda, yields crystals similar to those obtained with bicarbonate 
of potash, but not so easily decomposed by water. (Berzelius.) . 

6. Whena magnesia-salt is precipitated by carbonate of soda in excess 
(the liquid being heated), a coarse-grained compound is formed, con- 
sisting of 100 parts of carbonate of magnesia with 26 parts of carbonate 
of soda, and slightly soluble in water as a whole, without separation of 

the soda-salt. (Mosander, Pogg. 5, 505.) If the carbonate of magnesia 
in the compound is decomposed by ignition, the carbonate of soda may 
then be dissolved out by water. (Berzelius, Lehrb. 4, 311.) 

Magnesia ignited with 2 parts of carbonate of soda, forms a white, 
opaque, friable, and ill-combined mass. (Morveau.) Perfect combination 
does not take place even in the blowpipe flame. 


C. Borate or Maanesta AND Sopa.—A cold aqueous mixture of 
sulphate of magnesia and borax deposits—after standing for some months 
—first, needles of borate of magnesia (III., 231, 0.), and subsequently, 
double borate of magnesia and soda in large transparent, colourless, 
shining crystals, belonging to the oblique prismatic system. (W chler, 
Pogg. 28, 526.) With 3 parts (2 At.) of borax to one part (1 At.) or 
2 parts (2 At.) of sulphate of magnesia, borax crystallizes out first, and 
then the double salt; a syrupy liquid remains, mixed with crystals of 
sulphate of soda. [With equal parts of borax and sulphate of magnesia, 
borax also separates first.] With 3 parts (one At.) of borax to 4 parts 
(2 At.) of sulphate of magnesia, a large quantity of the double salt is 
formed; the mother-liquor still retains portions of the double salt, since 
it becomes turbid when heated; and also sulphate of magnesia, since 
potash gives a precipitate. (Rammelsberg.) If the double salt were 
composed of NaO, 2BO? + 2(MgO, 2BO%), the following interchange of 
elements might be supposed to take place: : 


3(NaO, 2B0%) + 2MgO, SO? = NaO, 2BO3 + 2(MgO, 2B0*) + 2(NaO, SO"); 


since, however, according to Rammelsberg, the double salt contains one 
atom less of boracic acid, one atom of that acid must be set free, or a 
different compound must be produced.—Large, highly lustrous, oblique 
rhombic prisms. Jig. 99 with the A-faces; -yt = 85° 305; @ia = 
89°. (Rammelsberg, Pogg. 49, 451.) 
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Crystallized. ~  Rammelsberg. Wohler. 
NaG Le een 31°2 et"? 8706 (on 6:14 : 
Di ED 40:0 727021 eae 8°44 
EN) aris casters 174°0 33097 ae? ee 
SOTO) ee eon. 270°0 BOSAL sna LO. ae ee 
515°2 .... 100:00 .... + 100°00 


The crystals effloresce slightly in the air. (Rammelsberg.) When: 
heated, they lose water and swell up, but less strongly than borax. The 
ignited mass redissolves almost entirely, though very slowly, in cold 
water; the insoluble residue appears to be triborate of magnesia. A 
crystal thrown into boiling water becomes opaque; and if it be taken 
out immediately, before it is reduced to powder, its interior is found 
to contain a tenacious, stringy mass. The salt is about as soluble in. 
cold water as borax; the solution is not precipitated by ammonia ; 
when heated, it becomes turbid, and deposits triborate of magnesia, 
which however is again completely. dissolved on cooling. When a 
solution» of 100 parts of the crystals is boiled for half an hour and 
filtered boiling hot, the precipitated borate of magnesia, after being 
washed and ignited, amounts to 9°8 parts. The filtrate, after evapora- 
tion, deposits a crystalline mass of salt which has no alkaline reaction, 
and yields free boracic acid when digested in alcohol. (Wohler.) * 

Hydrate of magnesia also gives with solution of borax a solution 
which becomes very turbid on the application of heat. When magnesia 
js dissolved in a boiling aqueous solution of boracie acid, and borax after- 
wards added, the mixture likewise gives a precipitate every time it is 
heated, andthe precipitate again disappears as the liquid fools. The 
liquid after evaporation deposits small, difficultly soluble crystals, pos- 
sessing characters similar to those of the above double salt. (Wohler.) 

By allowing an aqueous mixture of borax with excess of sulphate of 
magnesia to evaporate spontaneously, Gmelin obtained large, transparent, 
irregular tetrahedrons, consisting of sulphuric acid, boracic acid, magnesia 
and soda; a cold aqueous solution of these crystals was rendered turbid 
by heat, and became clear again on cooling ; the author regarded them as 
a quadruple salt. (Schw. 15, 261.) Later experiments, however, con- 
vinced him that they were really crystals of sulphate of magnesia (Mig. 
72), with the w-surfaces. predominating—which would produce a tetrahe-_ 
dral form—and contaminated with borate of magnesia and soda. By 
repeated crystallization, the crystals were obtained free from boracic 
acid and soda, Those obtained with excess of borax doubtless consisted 
of borate of magnesia and soda, contaminated with sulphate of magnesia. 
A mixture of chloride of magnesium and borax also becomes turbid when 
heated, but does not recover its original transparency on cooling. 

One part of magnesia ignited with 2 parts of borax forms a hard, — 
translucent, milky glass, (Morveau.)—Before the blowpipe, . magnesia 
behaves with borax like lime; but the compound is not so much inclined 
to become crystalline. (Berzelius.) 


. 


¢ D. PrropyospHate or Maenesta AND Sopa.—Prepared like the 
baryta-salt. Contains between 9°9 and 11°8 per cent. of soda. (Ludwig.) - 


E. Merapnospnate or Maayesta anp Sopa.—iscovered accl- 
dentally by Gregory in the preparation of phosphoric acid, Insoluble 
in hydrochloric acid and aqua regia, but dissolved by concentrated ‘sul- 
phuric acid. Composed of 3 (MgO, PO®) + NaO, PO®*. (Maddrell, Mem. 
Ohem. Soc. London, 8, 273, 1848.) VT 
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Magnesia unites on ignition with 2 parts of phosphate of soda and 


iJ ammonia, forming a white, slightly vitrefied substance. (Morveau.) 


Before the blowpipe, magnesia readily dissolves. in phosphate of soda and 
ammonia, forming a clear bead, which, when not saturated with magnesia, 
becomes milk-white by interrupted blowing; but if it be saturated with 
magnesia, the milkiness does not appear till it cools. (Berzelius.) 


F. Sureuate of Macnesta AND Sopa.—%I Prepared by mixing the 
two salts in equivalent proportions, and evaporating the mixture at a 
temperature of 50°. The salt crystallizes in combination with 4 atoms 
of water. (Arnott, Phil. Mag. 3, 24, 502.) % Forms prisms having a 
bitter taste, and crumbling to powder when exposed to the air. (Link, 


-Crell. Ann. 1796, 1, 30.) Transparent, tolerably regular rhombohedrons, 


with truncated ‘edges and summits; bitter; permanent in the air; when 
heated, they decrepitate without fusing; soluble in 3 parts of cold water. 


(Murray.) 
| | Anhydrous. ‘Link. Murray. 
MPN esc ens taicesscaues 13 Sal eee ae) ae eee ee 
pO: S08. ........2... GOO ab 2 a ee Oa Bea hc 
~  NaO,SO?+MgO,SO? 131°3. .... 100°0. .... 100°0 ... 100 
Crystallized. Murray. 
Dat) SOR ca 71:2 38°44 id 39 
MgO, SO® ..., 60°0 devs 32°40 cua 32 
0194 2 ee aan 54°0 29°16 hss 28 
5d Cae 185°2 a 100°00 oe 72 


q G. Curoripe or Macyestum anp Soprum.—Poggiale (Compt. 
rend. 20, 1180; also Ann. Pharm. 56, 243) mentions a compound of 
chloride of magnesium with chloride of sodium, the formula of which is 


NaCl2MgCl + 2HO. 7 


MAGNESIUM AND BARIUM. 


‘Macnesta with Barytra.—a. The two bodies ignited together in 
equal weights yield a colourless, irregular, shining mass. (Morveau.) 
6. Hydrate of magnesia precipitated by baryta contains about 4 per 
cent. of baryta. (Grouvelle.) 


x 


MAGNESIUM AND CALCIUM. 


A. Macyasra wit Limu.—Equal weights of the two substances 
unite on ignition, and form a white, semi-vitrefied mass. (Morveau.) 


B. Carponate or Macnesta anp Lrmr.—Found in the mineral 
kingdom as Bitterspar, Miemite, Dolomite, and Bitter-kalk. Obtuse 
rhombohedrons, Yig. 141; 7° : 7° = 106° 55! (Malus); 107° 22! (Mohs): 
sp. gr. = 2°884 (Mohs).  Ktihn- (Ann. Pharm. 59, 363) describes 
another native compound of this nature under the name of Tharandite, 
and also varieties of Bitter-spar, of a brownish-white colour and fibrous 
structure, from Bilin, ¥ 
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 Klaproth. Klaproth. ‘Hermann. 
_ Calculation. Bitter spar. Dolomite. Dolomite. 
CaO, COP ciicsersisne 30°0 54'S: | ssw Ce is Blea 6900 hee 54°6 
MgO, CO. -..;ccrersencres 42°0 Ab’OS ses Al O 2 ‘cous 49°58 as 45°4 
Foreign matters ........ fg | AE 0°75 
PEE at FAN a ee ee ah ERE i 
CaO, CO? + MgO,CO? 92:0 100700 Sas = 1000s 99°25 =... = 1000 
Kuhn 
| Tharandite. Bitter spar. 
CaO, CO. cae 54°76 bie 85°84 
MgO, CO?...esscsees A210 sans 10°39 


FeO, CO? 4:19 “ie 5°53 


Many varieties of Bitter spar, as that of Guhrhofian, consist of ; 
2(CaO, CO?) + (MgO,CO?; other varieties, including Dolomite, are 
represented by: 3(CaO, CO?) + 2(MgO, CO). The formula for Conite 
is: CaO, CO? + 8(MgO, CO’); that of Tharandite: CaO, CO? + MgO, 

CO?; and that of Bitter spar from Bilin: 5 (CaO, CO”) + MgO, CO”. g 


C. Hypratep Borate or Maenesta AND Lime.—Exists in nature as 
Hydroboracite. White, transparent, of radiating foliated structure; specific 
gravity about 1:9. Fuses readily, with considerable loss of water, to a 
clear glass, imparting at the same time a greenish colour to the blowpipe 
flame. Yields borate of magnesia to boiling water, imparting to it an 
alkaline reaction. Very soluble in warm hydrochloric acid. (Hess, Pog. 


31, 49.) 


Calculation. Hess. 
Cal Raean 28°0 te 13°57 a 13°74 — 13°30 
IED organs 20°0 ate 9°69 te 10°71 —. 10°45 
SBOP cscs. 104°4 2) 50°58 fo ¥ 49°22 — 49°92 
BHO... .....000s 54:0 Er 26°16 pe 26:33 — 26°33 
206°4 .. 100°00 as 100'00 ,, 100-00 


The formula given by Hess: 8CaO, 4BO* + 3Mg0, 4BO° + 9 [18] Aq. 


does not accord so well with his own analysis. 


D. Nirrate or Macyesta anp Lime.—On mixing concentrated 
solutions of nitrate of magnesia and nitrate of lime, a very insoluble 
double salt is deposited. (Bergman.) 


E. A mixture of 212°8 parts (4 At.) of dry carbonate of soda and 92 
parts (1 At.) of dolomite, fuses completely at a red heat, and solidifies on 
cooling to a clear, homogeneous mass of laminated crystalline fracture. 
If a very strong heat be applied, carbonic acid is evolved ; and with a 
smaller proportion of carbonate of soda, this effect takes place as soon as the 
mixture begins to soften. (Berthier, Ann. Chim. Phys. 38, 249.) 


MAGNESIUM AND MAGNESIUM. 


Wagnerite is a compound of basic phosphate of magnesia with fluoride 
of magnesium. (Fuchs, Schw. 33,269.) I Its formula is MgF + 3Mg0O, — 
PO®; it also contains a small quantity of protoxide of iron, replacing 
magnesia, and traces of silica, lime, and alumina, (Rammelsberg, Pogg. 
64, 251 and 405; Ann. Pharm. 56, 210.) 9 ; 


Magnesium likewise combines with mercury. 
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Coapter VILI. 


CERIUM. 


Klaproth. Ochroit. A. Gehl. 2, 303. 

Hisinger & Berzelius. Oxides of Cerium. A, Gehl. 2, 297. 

Vauquelin. Cerite. A. Gehl. 5, 189. 

Laugier, Cerium and the Oxides of Cerium. Ann. Chim. 89, 806; also 
Schw. 19, 54. 

Hisinger. Oxides of Cerium. Schw. 17, 424; also Ann. Chim. 94, 108. 

Thomson. Gvlb. 44, 128. 

Gahn & Berzelius. Separation of Cerium from Ytiria. Schw. 16, 248. 

Mosander. Metallic Cerium and its Sulphide. Berzelius, Lehrb, 1826, 
2, 416; also Kastn. Arch, 10, 470; and Pogg. 11, 406. 

Beringer. Cerium and Ceric oxide. Ann. Pharm. 42, 134. 

Watts. On Phosphocerite, and on the separation of Cerium, Lanthanum, 
and Didymium. Qu. J. of Chem. Soc, 2,131. 


Cerer, Cererium, Cérium. 


History. The oxides of Cerium were discovered in 1803, simulta- 
neously by Klaproth and by Hisinger & Berzelius. 


Sources, Very rare: occurs in, native carbonate of protoxide of 
cerium, in Edwardsite, and in Monazite (phosphate of the protoxide); in 
Cryptolite and Phospho-cerite; in the neutral and basic fluorides of cerium, 
and in Yttro-cerite—with silica, &c., in Cerite, Allanite, Orthite, Pyror- 
thite, and Gadolinite—with titanic acid, &c., in Aischinite, Mosandrite, 
and Polymignite—with tantalic acid, &c., in Euxenite, Fergusonite, and 
Pyrochlorite—also in Mikrolite and Tschewkinite. 


Preparation.—1. Chloride of cerium free from protoxide and from 
water is decomposed by potassium, with the aid of heat, and the chloride of 
potassium formed is dissolved out by alcohol or water. (Mosander.) To 
obtain pure chloride of cerium, dry chlorine gas is passed over sulphide of 
cerium contained in a glass tube about ten inches long; and, when all the 
air has been driven out, the tube is heated in the flame of a spirit lamp 
till decomposition commences with incandescence, which then continues 
without further application of heat to the tube. When the action has 
ceased, the chloride of sulphur is expelled from the tube by heating it in 


a current of chlorine gas, and the chlorine driven out by a current of dry 


hydrogen gas. A piece of potassium is then put into the nearer end of 
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the tube, and heat applied—gently at first—the current of hydrogen 
being constantly kept up, in order to drive out the vapour of rock-oil 
adhering to the potassium. Afterwards, both the potassium and the 
chloride of cerium near it are heated more strongly, so that the potassium 
vapour taken up by the hydrogen may be carried over to the chloride of 
cerium. Decomposition then takes place, attended with gentle ignition ; 
but if the potassium is too rapidly volatilized, the mass becomes vividly 
incandescent, and slight explosions are produced. As often as the supply 
of potassium is exhausted, a fresh portion is introduced, after the tube has 
cooled; and the operation is continued in this manner till the potassium 
vapour passes through the tube unchanged. When cold, the tube is cut 
in two, so that the carbonaceous residue from the potassium may not mix 
with the cerium. From the dark-brown mass thus produced, the chloride 
of potassium is dissolved out with alcohol of specific gravity 0°85; and 
the cerium rapidly washed and dried. If the mass is exhausted with 
water instead of alcohol, it evolves hydrogen gas; and a portion of hydrated 
protoxide of cerium is formed which remains mixed with the cerium. 
Chloride of cerium containing protoxide yields no metallic cerium when 
acted upon by potassium; the operation likewise fails, if the chloride 
retains a small quantity of water; in the latter case, potassium gives rise 
to an explosive action, and the residue contains a mixture of chloride 
and protoxide of cerium. (Mosander.)—2. Chloride of cerium prepared 
with sal-ammoniae, (according to the second method p. 270,) is decomposed 
by potassium or sodium without incandescence. A globule of sodium is 
introduced into the closed end of a strong glass tube—then a small 
quantity of chloride of cerium—upon this, another globule of sodium—and 
so on. he tube is heated in a charcoal fire, till it begins to soften, 
then allowed to cool, and afterwards divided into several pieces. ‘These are 
thrown into a glass of cold-water; and the cerium, which falls down as a 
heavy grey powder, repeatedly washed with cold water free from carbonic. 
acid. “The flakes of oxidized cerium formed during this process are 
removed by elutriation; and lastly, the pure cerium is washed with 
alcohol and rapidly dried. (Beringer. ) 

Ceric oxide exposed in a charcoal crucible to the strongest heat of a 
blast-furnace, yields no metal, but only protoxide of cerium. (Mosander, 
Beringer. ) 

Vauquelin, by heating tartrate of protoxide of cerium to whiteness in, 
a charcoul crucible, obtained an alloy of cerium with iron, in small white 
metallic-looking grains, harder and more brittle than cast-iron, and of a 
lamellated texture. The quantity was so small as to lead Vauquelin to 
suspect that the greater part of the cerium had been volatilized; this pro- 
perty of the metal, which was questioned by Sir H. Davy and Laugier, 
appears to be confirmed by Thomson and Children (Ann. Phil. 2, 147; 
also Schw. 13, 108), who completely volatilized oxalate of cerinm by 
exposing it in a charcoal crucible to the heat of a blast-furnace. 

By igniting formiate of protoxide of cerium in a glass tube before the 
blowpipe, Gobel (Schw. 67, 78) obtained cerium contaminated with but a 
small quantity of protoxide. It formed a steel-grey, coherent mass ; and 
was reduced by trituration to a grey powder, which, under the burnishing- 
steel, acquired metallic lustre here and there. It was not soluble in hot 
hydrochloric or nitric acid, but dissolved in aqua regia. According to 
Beringer, this method yields no metal whatever. | : 

Clarke, with his oxy-hydrogen blowpipe, obtained a very hard bead, of 
the colour of iron, | ae 
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Properties. Grey powder, resembling pulverized spongy platinum ; 
acquires metallic lustre under the burnishing-steel. (Beringer.) Dark 
reddish-brown powder, which, under the burnishing-steel, acquires a dull 
metallic lustre and greyish colour. The powder assumes a more decided 
rose-colour in proportion to the quantity of protoxide and oxychloride of 
cerium which it contains. (Mosander.) 


I Atomic weight of Cerium: 46°16 (Beringer); 45°8 (Rammelsberg); 
a ea 47°26 (Marignac, Arch, Ph. Nat. 8, 265; Ann. Pharm. 
8, 212). T 


Compounds of Cerium. 
CERIUM AND OXYGEN. 


A. Protoxipr oF Cerium or Crerous Oxipg. CeO. 


— Ceroxydul, Cereroxydul, White Oxide of Cerium. (Klaproth’s Ochroit-erde.) 


Formation. Cerium decomposes cold water very slowly, and like man- 
ganese, causes an evolution of hydrogen gas having a foetid odour; hence 
it emits a disagreeable smell when exposed to the air. Water at 90° or 
100° degrees is decomposed by it, with rapid evolution of gas. (Mosander.) 
The product of this action is hydrated ceroso-ceric oxide. (Beringer.) [or 
rather, perhaps, hydrated cerous oxide, which is raised to a higher degree 
of oxidation by the oxygen of the air?] Cerium dissolves rapidly in 
acids, even when very dilute, hydrogen gas being evolved and a cerous 
salt formed. It likewise evolves hydrogen with oil of vitriol, though much 
more abundantly on the addition of water. (Mosander.) Sesquioxide of 
cerium exposed in a charcoal crucible to the strongest heat of a wind- 
furnace, bakes together to a mass of protoxide, which, under the micro- 


_ scope, exhibits small, yellowish, transparent particles. (Beringer.) Cerium 


is not reduced to the metallic state from any of its oxides either by char- 
coal at the heat of a blast-furnace, or by hydrogen gas mixed with potas- 
sium vapour at a strong red heat. (Mosander.) 


Calculation, according to Hisinger. 
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MECN Ma vecsie rcv eke 54 a, TL 
CeO = 574°7 + 100 = 674:7.  (Berzelius.) 


Combinations. a. With water. HypratE oF PROTOXIDE OF CERIUM. 


Hypratep Cerovus Ox1pr, Cerous HypratTe. 


Preparation. a. From Cerite-—1. Klaproth boils powdered cerite 
with 5 parts of aqueous hydrochloric acid ; evaporates the solution to 
dryness in order to separate the silica ; redissolves in water, neutralizes 
the filtrate exactly with ammonia; then throws down the sesquioxide of 
iron with succinate of ammonia; filters, and precipitates the hydrated 
cerous oxide by ammonia.—2. Hisinger & Berzelius evaporate to dryness 


a solution of calcined cerite in aqua regia; exhaust the residue with 


water; precipitate the filtrate by ammonia ; dissolve the washed precipi- 
tate in nitric acid; neutralize the liquid with potash, and throw down 
tartrate of cerium by the addition of neutral tartrate of potash. The tar- 


VOL, ITI. 8 


= aa 


958 CERIUM. 


trate of cerium, after being washed and dried, and then ignited in a 
covered crucible, leaves a residue of ceroso-ceric oxide, from which, by © 
digesting in an acid and precipitating with ammonia, the hydrated pro- ~ 
toxide may be obtained.—3. Berzelius evaporates to dryness a solution 
of ignited cerite in aqua regia; gently heats the residue ; exhausts with 
water; separates the sesquioxide of iron by means of benzoate of ammo- 
nia ; filters; precipitates by ammonia in excess; dissolves the precipitated 
hydrate of ceroso-ceric oxide in hydrochloric acid ; evaporates the solution 
to dryness in a retort; and ignites the residue as long as chlorine gas 1s 
iven off. The protochloride of cerium thus obtained is dissolved in water, 
and the hydrated protoxide precipitated by potash.—4. Laugier digests 
cerite in aqua regia; evaporates to dryness ; dissolves in water; filters ; 
throws down protoxide of cerium and sesquioxide of iron by ammonia ; 
and treats the precipitate with oxalic acid in excess, which dissolves the 
oxide of iron completely, but forms with the protoxide of cerium an 
insoluble compound, from which the hydrated protoxide of cerium may be 
separated by ammonia.—5. Beringer dissolves cerite in hot aqua regia, . 
evaporates to dryness; exhausts the residue with water; precipitates cop- 
per and bismuth, by a current of sulphuretted hydrogen; passes chlorine 
through the filtrate, to convert the protoxide of iron into sesquioxide ; 
neutralizes with carbonate of soda; mixes the liquid with acetate of soda, 
and boils till all the iron is precipitated ; filters again; and precipitates the 
hydrated protoxide of cerium by ammonia, leaving lime and cobalt in solu- 
tion.—6. Persoz (Ann. Chim. Phys. 58, 202) frees the protoxide of cerium 
from sesquioxide of iron by boiling the neutral hydrochloric acid solution 
with oxide of copper, which throws down the sesquioxide of iron alone ; 
separates the copper by passing sulphuretted hydrogen through the filtrate; 
and precipitates the cerium, by adding ammonia to the filtered liquid | 
[after expelling the excess of hydrosulphuric acid by heat].—7. On the 
same principle, Demarcay (Ann. Prarm. 11, 245) precipitates the sesqui- 
oxide of iron by means of carbonate of baryta, in the cold; then throws 
down the baryta from the filtrate with sulphuric acid ; filters again; and 
precipitates the protoxide of ceriam by the addition of carbonate of potash. 
8, In order that cerite may be completely decomposed by aqua regia, 
it must be very finely divided, and moreover digested repeatedly with 
fresh quantities of the acid mixture. On this account, oil of vitriol is pre- 
ferable; but it must be added in large excess at once, otherwise the mix- 
ture will become very hot, and the acid will unite with the mineral, form- 
ing a hard stony mass, on which water exerts scarcely any action. The 
powdered cerite is therefore heated with excess of oil of vitriol for 
several hours; and, after cooling, the sulphates are dissolved out with cold 
water: if hot water were used, a difficultly soluble sulphate of cerous 
oxide would be thrown down. The liquid is then filtered, and, without 
neutralizing the filtrate, a crystalline mass of sulphate of potash is sus- 


pended in it, till it becomes saturated in the cold; the double sulphate of 


cerous oxide and potash which subsides, is then collected on a filter, and 
washed with a cold saturated solution of sulphate of potash. The double 
salt is then either fused with carbonate of soda, after which, water dis- 
solves out the sulphate of potash and soda, leaving insoluble ceric oxide ; 
or it ig mixed with charcoal and exposed to a white heat, whereby sulphide 
of potassium and sulphide of cerium are obtained: the sulphide of potas- 
sium is then separated from the residue by digestion in water; the sulphide’ 
of cerium dissolved in dilute nitric acid; the liquid evaporated to dryness, 
and the residue ignited; the product is sesquioxide of cerium, mixed with 


fot 


a variable quantity of protoxide. (Beringer.) Marx (Schw, 52, 481) 
- recommends that the cerite be ignited before digestion in sulphuric acid ; 


because it is thereby disintegrated, and afterwards dissolves with greater 
facility.— 1 9. Marignac (Ann, Pharm. 8, 265) mixes pounded cerite 
with oil of vitriol in a porcelain basin, so as to form a thick paste, and 
then applies a gentle heat. A violent action immediately takes place; 
the mass becomes very hot, turns white, and gives off a portion of the 
sulphuric acid; so that after a few minutes, a dry white powder is left 
behind, This is put into an earthen crucible and kept for some time at 


a heat below redness. It is then left to cool, and afterwards diffused 


through cold water, care being taken to introduce it only by small por- 
tions at a time, as otherwise it will become heated and cake together. 


The sulphate of cerium then dissolves, while the silica and oxide of iron 


are left behind, and may be separated by filtration. If the filtrate be then 
boiled, the cerium will be precipitated in the form of a subsulphate; 
and from this the oxides may easily be obtained. 

6. Krom Phosphocerite. The mineral is finely pounded and boiled 
with moderately strong sulphuric acid till the whole is reduced to a pasty 
mass. This mass, when cold, is digested in water; the clear liquid poured 
off; the insoluble residue again boiled with sulphuric acid, and the treat- 
ment repeated till nothing but a small quantity of silica remains behind. 
The solution is then mixed with ammonia in sullicient quantity to neutra- 
lize the greater part of the acid, and the cerium, &e. precipitated by oxa- 
late of ammonia. The precipitated oxalate of cerium, &c., which forms a 
dense crystalline powder, is then washed, dried, and ignited, whereby it 


is converted into ceric oxide (mixed with the oxides of lanthanum and » 


didymium) forming a powder of a dark brown-red or tile-red colour. 
This substance readily dissolves in hot hydrochloric acid, with evolution of 
chlorine, forming a solution of protochloride of cerium; and from this 
the protoxide may be obtained by precipitation with caustic potash. 


(W.) 7 


The hydrated protoxide of cerium prepared by either of these methods 
contains about 40 per cent. of oxide of lanthanum, together with oxide of 
didymium. To separate the oxide of lanthanum, the whole is dissolved 
in nitric acid; the solution evaporated to dryness; and the residue ignited 
till the nitric acid is wholly expelled. The mixture of ceric oxide and 
the oxides. of lanthanum and didymium which remains, is digested for 
some hours at a gentle heat, with a mixture of 1 part of nitric acid and 
from 50 to 100 parts of water. The oxide of lanthanum then dissolves 
(together with a minute quantity of ceric oxide) and leaves the ceric oxide 


undissolved, together with the oxide of didymium and a very small quan- — 


tity of oxide of lanthanum. (Mosander.) The separation is but imper- 
feetly effected, because the precipitated mixture of oxides often contains 
a small quantity of basic salt or alkaline salt. or this reason, the ceric 
oxide, freed from the greater part of the lanthanum by nitric acid, must 
be dissolved in hydrochloric acid; the solution neutralized as exactly as 
possible with ammonia; acetate of ammonia added; and the protoxide of 
cerium thrown down by oxalate of ammonia. The oxalate of cerium 18 


then to be collected on a double filter (it would run through a single one*), 


* I have never found the slightest difficulty in collecting or washing the precipitated 


oxalate of cerium, whether pure or mixed with lanthanum and didymium. ‘The precipi- 


tate is curdy when first formed, but in a few minutes becomes very dense and crystalline, 


A and may then be washed with the utmost ease, either on the filter or by decantation. [W.] 
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afterwards washed, dried, and ignited; and the ignited residue again 
treated with dilute nitric acid to dissolve the remaining portion of oxide 
of lanthanum. (Th. Scheerer, Pogg. 56, 408.) 

| (a.) The separation of cerium from lanthanum and didymium 
depends upon this circumstance : that cerium forms two oxides, the pro- 
toxide or cerous owide, and the sesquioxide or ceric omde, the latter of 
which is nearly insoluble in weak acids, whereas the oxides of lanthanum 
and didymium are easily soluble in dilute acids. Moreover, the oxide of 
Janthanum dissolves more readily than the oxide of didymium, especially 
when the.acid is very dilute and kept quite cold. Hence, when the mixed 
‘oxides are treated with cold dilute nitric acid, and for a short time only, 
the greater part of the lanthanum dissolves, together with small quantities 
only of cerium and didymium. But if the digestion be long continued— 
and more especially if it be aided by a gentle heat, and the liquid poured 
‘off from time to time, and fresh acid supplied—nearly the whole of the 
didymium will be removed as well as the lanthanum, and the remaining 
ceric oxide will be nearly pure, containing but very small quantities of 
the other oxides. To obtain the ceric oxide quite pure, Marignac (Ann. 
Pharm. 68, 218) digests the residue with moderately strong nitric acid, 
which dissolves the last traces of lanthanum and didymium, together with 
a small quantity of cerium._-There is one inconvenience attending this 
mode of separating cerium from its allied metals, viz., that the ceric oxide 
when digested in the acid liquid, becomes so minutely divided, that it 
diffuses itself through the liquid, and will not separate for days; and if an 
attempt be made to filter the liquid and wash the ceric oxide with water, 
it first runs through the filter and then completely stops it up. These 
inconveniences may be obviated to a considerable extent by warming the 
liquid, and mixing sal-ammoniac or nitrate of ammonia with the water 
used in washing: the ammoniacal salt may be afterwards expelled by 
ignition. When all traces of lanthanum and didymium have been thus 
removed, the residual oxide of cerium may be ignited to expel nitric acid 
and ammoniacal salt; the residue is ceroso-ceric oxide of a pale yellow 
colour. By boiling this oxide in a mixture of strong sulphuric and 
hydrochloric acid (it is insoluble in hydrochloric acid alone) till the liquid 
becomes colourless and no longer evolves chlorine, a solution of sulphate 
of cerous oxide is obtained; and when this is mixed with excess of caustic 
potash, the protoxide of cerium or cerous oxide is precipitated. (W.) 

(b.) Another mode of separating cerium from lanthanum and didy- 
mium is to convert the mixed oxides of the three metals into chlorides 
(e. g., by treating the crude red-brown oxide of cerium with hot strong 
hydrochloric acid, in which it easily dissolves, with evolution of chlorine); 
precipitating with a large excess of caustic potash; and subjecting the 
precipitate suspended in the liquid to the action of a stream of chlorine 
gas. The oxides of lanthanum and didymium then dissolve in the mixture 
of chloride of potassium, hypochlorite of potash, and free hypochlorous 
acid produced, while the cerium is converted into ceric oxide and remains 
undissolved. The precipitate first assumes a violet colour, then becomes 
yellow, and ultimately of a deep orange colour. When this has taken 
place, the liquid is found to be completely saturated with chlorine, and 
has acquired a yellow colour. The whole is then set aside for 24 hours 
*n a close vessel, and afterwards the liquid separated by filtration from 
the insoluble ceric oxide. This is the method by which Mosander first 
effected the separation of these oxides (Phil. Mag. J. 28, 241). According 
to his statement, the ceric oxide thus obtained is quite free from lanthanum 
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and didymium. I find, however, that the ceric oxide produced by the 


first application of the process retains considerable quantities of lanthanum 
and didymium, and that these can only be separated by repeating the 
process several times. It is better, therefore, instead of leaving the liquid 
for a whole day in contact with the precipitate, to pour it off; fill up the 
vessel with fresh caustic potash; again pass chlorine through the liquid 
till it is saturated; and repeat this treatment till the yellow liquid, after 
being poured off from the precipitate and boiled till its colour disappears 
(whereupon a small quantity of ceric oxide separates from it, and must 
be removed by filtration), no longer gives a precipitate with caustic potash. 
When this point is attained, the ceric oxide is perfectly free from lan- 
thanum and didymium, It still, however, retains considerable quantities 
of hypochlorous acid and salts of potash. ‘The easiest mode of purifying 
it is to dissolve it in boiling hydrochloric acid (it dissolves with evolution 
of chlorine, and forms CeCl), and precipitate the cerium with oxalate of 
ammonia. The precipitated oxalate—which is easily washed, and is then 
free from all impurities—may be converted into ceric oxide by ignition; 
the ceric oxide converted into cerous sulphate by boiling with sulphuric 
and hydrochloric acid; and the protoxide precipitated by caustic potash. 
This mode of separation is troublesome, but effectual; it is useful also for 
detecting the presence of cerium when associated in small quantities with 
lanthanum and didymium. (W.) 

(c.) The separation of cerium from lanthanum and didymium may, 
however, be much more easily effected by boiling the crude red-brown 
oxide, obtained by igniting the oxalate of the mixed oxides, in a solution 
of sal-ammoniac. The oxides of lanthanum and didymium then dissolve— 
being converted into chlorides, with evolution of ammonia—while pure 
ceric oxide remains behind. ‘The boiling must be continued for several 
hours, and the solution poured off once or twice and fresh liquid added. 
The process must be continued till the decanted liquid no longer gives a 
precipitate with oxalate of ammonia. ‘The ceric oxide is then of a light 
buff colour. It may be collected on a filter and washed with water con- 
taining sul-ammoniac: if pure water be used, the oxide immediately runs 
through the filter. The ammoniacal salt may then be driven off by 
ignition and the ceric oxide converted into cerous oxide as before. This 
mode of separation is the easiest and, most effective of all. The solution 
of lanthanum and didymium is quite free from cerium (as I have proved 
by examining it by the chlorine process just described) and the ceric 
oxide is free from all traces of lanthanum and didymium. (W.) (Vid. 
Qu. J. of Chem. Soc. 2, 131.) 

(d.) According to L. L. Buonaparte (Comp. rend. 16, 1008), cerium 
may be separated from didymium by means of valerianic acid. The 
hydrated oxides are precipitated by a caustic alkali; the cerous oxide 
converted into ceric oxide; the whole dissolved in mitric acid; the excess 
of acid driven off by a gentle heat; the residue mixed with a very small 
quantity of water; and a saturated solution of valerianic acid added, 
drop by drop, as long as any precipitate forms. This precipitate 1s 
valerianate of ceric oxide: valerianate of didymium remaims 1n solution. 
The discoverer of this method has not stated whether oxide of lanthanum 
is precipitated or held in solution by the valerianic acid ; a from its 
great similarity to didymium in its behaviour with other acids, we may 
presume that it would be held in solution. 7 


962. - GERIUM. Pe 


“The mixture of lanthanum and didymium with cerium having been ~ 
overlooked till within these last few years—all the statements here col- — 
lected (even those of Mosander) respecting the compounds of cerium, 

~ yelate to that which contains the allied metals. The only experiments 
made with pure cerium are those of Beringer, Rammelsberg, and Marig- 
nac. But considering the great similarity which exists between the 
three metals, it is probable that the descriptions here given will not be 
much altered by the investigation of pure cerium compounds. |The 
principal alterations relate to the properties of ceric oxide and the colour 
of the cerqus salts. (W.) | fies 

Hydrated protoxide of cerium is a white powder which rapidly 
turns yellow in the air from absorption of oxygen. (Berzelius.) Of the 
anhydrous protoxide little is known: it may be obtained by exposing 
the carbonate to a white heat in a current of hydrogen gas. (Berzelius. ) 

b. With acids, protoxide of cerium forms the PRoTO-SALTS OF CERIUM,. 
Sazrs or Cerovs Oxins, or CerousSauts. It is readily dissolved by acids. 
The insoluble salts of cerous oxide are white: those which are soluble 
form amethyst-coloured solutions with a small quantity of water, and 
colourless solutions with a larger quantity. The red colour arises neither 
from the presence of cobalt nor of manganese (Beringer); it is due to the 
presence of didymium. Pure cerous salts form perfectly colourless solu- 
tions. (Mosander.) 

The soluble salts have a sweet, astringent taste, and redden lit- 
~mus ‘even when the acid is perfectly saturated. All cerous salts, the 
acids of which are volatile or easily decomposed, part with their acids 
on ignition, except the double sulphate of cerous oxide and potash. 
From solutions of cerous salts, ammonia and potash precipitate the hy- 
drated protoxide in colourless, voluminous flakes, insoluble in an excess of 
the reagent. Alkaline sulphides act in a similar manner, with evolution 
of sulphuretted hydrogen. The normal carbonates and bicarbonates of 
ammonia and potash precipitate carbonate of cerous oxide in colourless 
flakes, slightly soluble in excess of the alkaline carbonate. Phosphate of 
soda throws down from the neutral salts a white precipitate of cerous 

: phosphate, easily soluble in nitrie acid, A saturated solution of sulphate 
of potash added to a solution of a cerous salt (not too dilute) produces— 
either at once or after some little time—a crystalline granular precipitate 
of double sulphate of cerous oxide and potash. Arseniate of potash gives 
a white precipitate. Oxalic acid and the alkaline oxalates—when the 
acid in combination with the cerium is not in too great excess—throw 
down colourless oxalate of cerous oxide, curdy at first, but afterwards 
changing to a fine, crystalline powder, which is soluble only in a large 
excess of hydrochloric or nitric acid. Tartrate of potash gives a preci- 
pitate readily soluble in acids. Succinate.and benzoate of ammonia pro- 
duce in a solution of not less than 1 part of salt in 100 parts of water, a 
white curdy precipitate. Ferrocyanide of potassium throws down colour- 
less ferrocyanide of cerium, soluble in nitric acid. No change is produced 
by: hydrosulphurie acid, zine, iron, carbonate of baryta, strontia or lime, 
ferricyanide of potassium, or tincture of galls. 


pe B. CERoso-cERIC OXIDE. | 
Formed by igniting the sesquioxide in a current of hydrogen gas} 


also by strongly igniting the carbonate or oxalate of the protoxide in a 
retort-—under which circumstances these acids impart a portion of oxygen 


are characterized by a sour-sweet and very roug 


+ A 
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to the protoxide. Lemon-yellow powder, which, when heated in the air, 
burns and is converted into ceric oxide; it dissolves in hydrochloric acid 
with evolution of chlorine. (Berzelius.) Dilute acids separate the prot- 
oxide and leave the sesquioxide behind. (Beringer.) 

Since 100 parts of ceric oxide, free from lanthanum, lose 1:176 parts 
of oxygen when reduced by hydrogen to the state of ceroso-ceric oxide, 
the latter oxide must be composed of CeO + 4(Ce*0*). (Beringer.) 
According to Marignac, it is 3CeO + 2Ce’O*. (Arch. Ph. Nat. 8, 266.) 


Hydrated ceroso-ceric oxide is formed—mixed, according to Vauquelin, 
with carbonate of the protoxide—by exposing the hydrated protoxide to 
the air; it has a yellow colour. (Berzelius.) 


C. SESQUIOXIDE oF CERIUM, or CerIc OxtpE, C*0%, 


Formation. The metal, when heated in the air, burns with a bright 
flame and abundant evolution of sparks, and is converted into the sesqui- 
oxide. (Mosander, Beringer.) The hydrated protoxide and the ceroso- 
ceric oxide are converted into sesquioxide by ignition in the air, The 
residue obtained by igniting the nitrate of cerous oxide also consists of 
ceric oxide. | According to Marignac, the oxide thus obtained is the 
ceroso-ceric, composed of 3CeO + 2Ce20°%. Mosander likewise states that 
the oxide obtained by igniting the nitrate contains cerous oxide. (Phil. 
Mag. J. 28, 241.) V7 


Properties. Pure ceric oxide is a white, or very faintly coloured 
powder.  Lemon-yellow: after an hour's ignition, it acquires a reddish 
tinge, but without the faintest trace of brown. (Mosander.) Fawn or 
salmon-coloured. (W.) 4 Tasteless and infusible. (Mosander.) The 
ordinary oxide containing didymium is brownish-red, and, according to 
Karsten, has a specific gravity of about 5°6059. 


Calculation, according to Hisinger. 


ME cease Sp bea vente: 79°31 
BER Py tee phe 20°69 
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Ce2O3 = 1149°4 + 300 = 14494 (Berzelius.) 


Decomposition. By ignition with hydrogen gas, ceric oxide is con- 
verted into ceroso-ceric oxide. (Berzelius.) When gently ignited in 
hydrogen gas, it becomes colourless, but the loss of weight 1s hardly 
appreciable. (Beringer.) When heated with hydrochloric acid, it evolves 
_ chlorine gas and is converted into hydrochlorate of the protoxide. 


- Combinations. a. With water. The hydrate is precipitated from 
solutions of ceric oxide salts by the fixed alkalis, as a pale-yellow viscid 
substance, which assumes a darker colour when dry. (Berzelius.) The 
hydrate free from didymium is of a sulphur-yellow colour. (Mosander.) 

b. Ceric oxide is easily dissolved by acids, though in small que 
only.— When pure it is nearly insoluble in all acids, excepting a Bee 
vitriol. (Mosander, Marignac, Watts.) Its salts are yellow or red in the 


: thei ] llow or reddish-yellow colour, and 
solid state; their solutions are also of a yellow aie Sie roiled with 
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hydrochloric acid they give off chlorine, and are converted into cerous 
salts. The fixed alkalis added to solutions of ceric salts, throw down pure 


hydrate of ceric oxide ; ammonia generally precipitates basic salt; and 
sulphate of potash, a yellow double salt. 


CERIUM AND CARBON. 


 Carsivn or Crrtum?—By strongly igniting protoxide of cerium 


~ moistened with oil in a porcelain retort, Laugier obtained a black shining 
‘substance, of the same weight as the protoxide employed, which inflamed 


spontaneously in the air, and was converted into brown ceric oxide. 
Oxalate of cerous oxide gently ignited in a porcelain retort, and then 
treated with an acid, leaves a brownish-black, insoluble powder, which 
when heated in the air, is rapidly converted into an equal weight of ceric 
oxide, the action being attended with incandescence. Hence it would 
appear to consist of CeC’, inasmuch as 2CeC? and Ce?0® are of the same 
weight. A similar black powder is obtained by gently igniting the tar- 
trate of cerous oxide. (Mosander.) | 


A. Carponate oF Cerovs OXIDE, or CrROUS Canponate.—Hydrated 
cerous oxide absorbs carbonic acid from the air and from water, and is 
thereby converted into a white granular powder. The precipitate pro- 
duced in cerous salts on the addition of alkaline carbonates has a sil- 
very lustre when dry, and is very light. (Vauquelin.) The precipitate 
formed by carbonate of ammonia appears at first in white, amorphous 
flakes; but these, in the course of three days, change beneath the liquid 
into shining crystalline scales, which unite on the filter to a silvery mass, 
easily separated from the paper. (Beringer. ) 


: Calculation. Beringer. Klaproth. Hisinger. Vauquelin. 
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In a close vessel, the salt may be gently ignited without decomposition ; 
but at a higher temperature it is converted into ceroso-ceric oxide, car- 
bonie acid and carbonic oxide gases being at the same time evolved. If 
the air has access to it, the decomposition is more easily effected, and the 


residue consists of ceric oxide. (Hisinger & Berzelius.) The salt is in- 
soluble in water and in aqueous carbonic acid. (Vauquelin.) 


B. Carponate or Certc Oxrpr.—Formed by double decomposition. 
Of a dirty white colour. Easily soluble in water. 


Calculation. Hisinger. 
Oe? O* i ii.cee: 116 or 63°74 a 63°83 
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CERIUM AND PHOSPHORUS. 


A. PuospHipr oF Cerium.—Cerium heated with phosphorus to the 
boiling point of the latter, does not enter into combination with it. (Mo- 
sander.) When phosphuretted hydrogen gas is passed over ceric oxide 
heated to whiteness in a porcelain tube, and the contents allowed to cool 
out of contact of air, a grey powder is obtained, probably consisting of a 
mixture of phosphide of cerium and phosphate of cerous oxide. Heated 


in the air, it gradually turns white; it dissolves with difficulty even in the — 


most concentrated acids, and without any escape of gas, as phosphate of 
cerous oxide. (Mosander.) 


B. PuospHatE oF Crrous Oxipe. or Cerous Puospuate.—flormed 
by precipitating & soluble cerous salt with phosphoric acid or a phosphate. 
White powder, insoluble in water or in solution of phosphoric acid; slightly 
soluble in hydrochloric and nitric acids. (Hisinger & Berzelius.) By 
strong ignition in a charcoal crucible, it is neither fused nor reduced, but 
merely cakes together. (Mosander.) 

Phosphate of cerium is found in an impure state in Monazite and Hd- 
wardsite, minerals which appear to be nearly identical; also in Cryptolite 
and Phosphocerite, which are likewise identical in all respects except crys- 
talline form. Monazite: Fig. 85, the apex between w’, w and 2 being 
truncated; 4: w = 100°; wv’: uw = 95° 30; t: a = 137° 30’; 2: the face 
between w', w’ and i = 140° 30'; 7: f = 125°. (Brooke, Phil. Mag. Ann. 
10, 189.)—Oblique rhombic prism, of specific gravity between 4°922 and 
5-019. (Breithaupt.) Dissolves in hydrochloric acid with evolution of 
chlorine, leaving a white powder undissolved, Contains : , 


Sesquioxide of ceriwm —.....- see seeseeeeeer rece tee nee ees 26°00 
Oxide of lanthanum ............cssseeseeeee cer eeeeeeees 23°40 
Protoxide of Manganese ..........ceceeeeeeee eee ceeeenees 1°86 
TACMOE UCC EE TAIL... oc coven nave denser ene cgecoecesemesatase 2°10 
PPRGUIDA | lieu ccdcescccorsaeverce+setnesnecscqaceane. ero 17°95 
BPE ea, adh Cadnincew tes ecnaeabecedesswesacesthocesensite 1°68 
Phosphoric acid ...........ececeecee eee eencee cress enenes 28°50 
Potash and binoxide of titanium (traces) ..........+ 

101°49 


(Kersten, Pogg. 47, 385.) 


Edwardsite: Oblique rhombic prism; the base obliquely inclined to 
the acute lateral edge, the angle of which is 85°; this edge is truncated. 
Cleavage parallel to the base and to the longer diagonal; sp. gr. 4°2—4°6. 
Before the blowpipe it fuses at the edges to a clear glass. But slightly 
attacked by nitric acid. Contains: 


Protoxide of cerium ...... REP ed TY ory ret 56°53 
POTRTOIIA occas ale cdenccets sqahgtngeseneceetscspars cosets sus 4°44 
PU ielicak vos chs cae dee eea een enagionscpnash coe sseees V77 
Rites ae OV aor eh Ee gt ath Pee wae vena 3°33 
Phosphoric acid .......-sseesseseeseeseeseeeneseeereeneees 26°66 


Magnesia, glucina, and protoxide of iron (traces)... 


ee 


98°73 


Shepard (Sill. Am. J. 82, 162; also J. pr. Chem. 12,185); compare G. Rose 
(Pogg. 49, 228). 3 


BORA CERIUM. 


{ Cryptolite: Discovered by Wohler in the rose-coloured apatite of 
Arendal in Norway, from which it is separated by dissolving the apatite 
in nitric acid. The cryptolite is then left undissolved, together with 
microscopic crystals of magnetic iron-ore, hornblende, and an unknown 
substance of a hyacinth-red colour likewise containing cerium. The erys- 
tals of cryptolite are hexagonal prisms about a line in length, and of a 
wine-yellow colour. By exposure to a moderate heat, they undergo no 
change either in appearance or in weight. Sp. gr. = 4°6. Decomposed 
by strong sulphuric acid, the whole being reduced to a dry earthy mass.. 


Sesquioxide Of COvIUDA. + graadssdrcirdtinddr decade sees eas 73°70 
Prowozide Of (700... scgeescs:sscessve: wie sooty tates aukede 1°51 
PHOsPhOPic ACI az vacgv ass cher eceeatieess sheets canbe ess 27°37 

102°58 


The excess arises from the protoxide of cerium contained in the mineral 
being converted by ignition into sesquioxide. (Wohler, Ann. Pharm. 57, 
268.) 


Phosphocerite: Discovered by Mr. Ollive Sims in the cobalt-ore Johan- 
nisberg in Sweden, of which it forms about one-thousandth part. Remains 
as a residual product when the ore after calcination is treated with hydro- 
chloric acid for the purpose of extracting the cobalt. Greyish-yellow 
crystalline powder, associated with a small quantity of minute dark pur- 
ple crystals which are strongly attracted by the magnet, and appear to 
consist of magnetic iron-ore and oxide of cobalt.—The crystals of phos- 
phocerite when examined by the microscope present two forms, one an 
octohedron (not regular), the other a four-sided prism with quadrilateral 
summits; both forms appear to belong to the right prismatic system. 
Hardness, between 5:0 and 5°5. (Chapman, Qw. J. of Chem. Soc. 2, 154.) 
Sp. gr. = 4°78. (W.) When exposed to the blowpipe flame, it vitrefies 
partially on the edges and surface, tinging the flame at the same time 
slightly green. With the usual blowpipe reagents, it presents the reac- 
tions of cerium, imparting however to the borax and phosphate of soda 
glasses, when cold, a pale violet-blue tint, either due to the presence of 
didymium or to the admixture of a small portion of the cobalt-ore. With 
borax and soft iron wire, it produces brittle phosphide of iron. (Chap- 
man.) Oil of vitriol aided by gentle heat decomposes it, forming a pasty 
mass, which is soluble in cold water, with the exception of a small quan- 
tity of silica. Contains: 


Protoxide of certetm, &@) 1.605. 2600) vexed ceoneene lis 64°68 
Oxide: Ol B01 3535. ates) Sods bite A iseeh ates 2°33 
Oxide of cobalt, siliet, See. scwasei cndesucodseies dasaus 3°41 
Phosphoric acid. .....:.icscse006e 28°46 

99°38 


The protoxide of cerium (including lanthanum and didymium) and phos- 
phoric acid are very nearly in the proportions required to form a terbasic 
phosphate. Hence the mineral may be regarded as a mixture of the 
tribasic phosphates of cerium, lanthanum, and didymium. It is evidently 
identical in composition with cryptolite; but the crystalline forms of the 
two minerals (as far at least as they can be ascertained) are totally incom- 
patible. Probably, therefore, the phosphate of cerous oxide is dimor- 
phous. (W.) 7 | Jj 


CEROUS SULPHATE. 267. 


CERIUM AND SULPHUR. 


A. PRoTOSULPHIDE oF CeRtuM.—1. Cerium heated in vapour of sul- 
phur absorbs it and becomes red hot.—2. Vapour of bisulphide of carbon 
passed over ignited cerous carbonate (or over ceric oxide, Beringer), con- 
verts it ito sulphide of cerium, of loose texture and the colour of red- 
lead.—3. When a mixture of 1 part of ceric oxide and 3 parts of liver 
of sulphur is strongly ignited in a covered vessel for half am hour, and 
the sulphide of potassium dissolved out by water,—sulphide of cerium 
remains, in small crystalline scales, resembling mosaic gold, greasy to the 
touch, sometimes of a yellowish green, sometimes of a golden yellow 
colour: when examined by a lens, they appear translucent, with a yellow 
tint. When sulphide of cerium is heated in a gas which does not 
decompose it, its yellow colour changes, through red, to dark red and 
black, but is again restored on cooling. It does not appear to conduct elec- 
tricity.—If instead of ceric oxide, hydrated chloride of cerium (CeCl, HO) 
is ignited with the liver of sulphur, the sulphide of cerium remains, after 
washing the residue, in the form of a scaly powder, which appears dirty 
yellow while diffused in water, but assumes a dirty red colour, after 
settling to the bottom of the vessel, or after drying. 


Calculation. Mosander. 
Ce ciao 46 bee 74°19 dees 74 
eS scat, 16 yeaa 25°81 pen 26 
CS suis... 62 sey 100°00 ir 100 


Sulphide of cerium remains unaltered in air and water. Heated in 
the air, it takes fire below a red heat and burns with a blue flame and 
evolution of sulphurous acid: the product is basic sulphate of ceric oxide. 
Heated in a current of chlorine gas, it is resolyed into chloride of cerium 
and chloride of sulphur. It is not altered by ignition in vapour of iodine 
or of potassium, or when heated with phosphorus. It is dissolved by the 
weakest acids, forming a cerous salt and evolving sulphuretted hydrogen 
gas without separation of sulphur. Only the sulphide prepared by the 
third method deposits 1 or 2 per cent. of sulphur, when dissolved in 
acids: this sulphur, however, is present merely in the state of mechanical 
mixture, in consequence of a portion of the liver of sulphur having been 
decomposed by the air contained in the water, and may be expelled by 
heating the sulphide of cerium in an atmosphere of hydrogen gas. In 
solution of potash, sulphide of cerium is changed into a green powder, 
which appears to consist of oxysulphide of cerium, (Mosander.) 


B. SEsQuisULPHIDE oF Certum.—Not yet isolated, but known only 
in combination with electro-negative metallic sulphides. 


C. OxysuLPHIDE or Cer1umM.—Carbonate of cerous oxide is distilled 
with sulphur or ignited in a current of sulphuretted hydrogen gas.—A pple- 
green powder. Dissolved by acids with evolution of sulphuretted hydro- 
gen and separation of sulphur. Generally contains a small quantity of 
basic sulphate of cerous oxide. (Berzelius.) 


D. SuULPHITE OF CEROUS OXIDE or CEROUS Sunpnite.—Prepared by 
dissolving carbonate of cerous oxide in an aqueous solution of sulphurous 
acid. Crystallizes in pale amethyst-coloured needles. (Klaproth.) 


cats) 
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BE, Hyposunpuate or Crerovs Oxipe or Cerovus HyposuLpHATE,— 
Carbonate of cerous oxide is dissolyed in aqueous hyposulphuric acid and — 
the solution left to evaporate in the air spontaneously. Slender, colourless, 
four-sided prisms, permanent in the air, and containing after abstraction 
of water, 42°79 per cent. of base and 57°21 of acid, (Heeren.) 


F. Sunpnate or Crrovs Oxipr or Curovus Sutrnate.—a. Basic 
Sulphate.—1. Remains after ignition of salt b in close vessels.—2. Preci- 
pitated from a solution of salt b, by excess of ammonia. Even potash 
does not separate the whole of the sulphuric acid, (Hisinger & Berzelius.) 


b. Monosulphate: Prepared by dissolving carbonate of cerous oxide 
in cold dilute sulphuric acid—or, according to Berthier, by treating ceric 
oxide with aqueous solution of sulphurous acid, evaporating to the erys- 
tallizing point, and dehydrating the crystals which are formed. The 
anhydrous salt is a white powder, of a sweetish-astringent and slightly 
acid taste, Heated in a close vessel, it leayes basic sulphate of cerous 
oxide; but if heated in an open vessel, it leaves basic sulphate of ceric 
oxide, (Hisinger & Berzelius.) 


Anhydrous. Rammelsberg. Beringer. 
RU) Mi avterencce 54 BAG have 7500: inn 57°442 
eS i heath Pl ese 40 42°55 42°694 tee 42°558 
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Combinations with water.—The anhydrous salt sprinkled with a small 
quantity of water evolves considerable heat and condenses to a solid 
mass, which dissolves with difficulty. (Otto.) 

a. With 14 atoms of water,—On boiling a solution of this salt in cold 
water, the salt « is deposited in small pale-red crystals, which are again 
dissolved as the liquid cools. By pouring off the boiling liquid, the crys- 
tals may be obtained separate. (Otto, Pogg. 40, 404.) 

B. With 8 atoms of water.—Crystallizes out on the slow evaporation 
of an aqueous solution, Pale amethyst-coloured prisms (Hisinger & Ber- 
zelius, Klaproth); colourless crystals (Vauquelin). Right rhombic prisms 
having two of their lateral edges truncated, and with dihedral summits 
the faces of which rest upon the other two lateral edges. (Marx, Schw. 52, 
481.) I Rhombie octohedrons, the faces of which meet in the terminal 
edges at angles of 114° 12’ and 111° 10’: frequently also in more acute 
octohedrons, the corresponding angles of which are 99° 48’ and 95° 48’. 
(Marignac, Ann. Pharm. 68, 214.) 

Sulphate of cerous oxide is dissolved with difficulty by water, pro- 
ducing a pale reddish solution, |Colourless when free from didymium. | 


Sesqui-hydrated, Otto. 
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2(CeO, SO%) +3Aq. 215  .... 100°00 


Ter-hydrated. Otto. 
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CeO, SO® + 3Aq. une 121... 100°00 


SELENIDE OF CERIUM. — Ce Sage 


| G. CERoso-cERIc Sunprate.—Analysed by Marignac. (Marignac, 
Arch. des Sc. phys. & nat. 8, 278.) 


Calculation. Marignac. 
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H. Surewate or Ceric Oxipe, or Ceric, SunpHate.—a. Polybasic 
sulphate.—Formed by digesting 6 with ammonia. Light flesh-coloured 
powder. (Berzelius.) 

b. Basic sulphate——1. Prepared by igniting the salt c. (Berzelius.)— 
2. By burning sulphide of cerium, (Mosander.) Dark brick-red powder. 
Not decomposed by strong ignition. Soluble in hydrochloric acid, forming 
a reddish-yellow solution, from which it is precipitated by alkalis un- 
changed. 

ce. Tersulphate.—Ce?0?, 3S0*.—The lemon-coloured solution of ceric 
oxide in dilute sulphuric acid yields, by slow evaporation, lemon-coloured 
prisms, which, when exposed to the air, gradually effloresce and lose their 
colour. (Hisinger & Berzelius.) 

Hydro-sulphocarbonate of lime does not precipitate a solution of pro- 
tochloride of cerium; the liquid remains clear for several hours and then 
deposits white flakes. (Berzelius.) 


CERIUM AND SELENIUM. 


A. SrrenrpE or Certum.—Selenite of cerous oxide heated to redness 
in a porcelain tube is decomposed by a current of hydrogen gas. If 
ceric oxide is present, a portion of selenium passes off with the hydrogen. 
Brownish powder, constantly evolving an unpleasant odour of seleniu- 
retted hydrogen. When heated in the air, it yields a sublimate of 
selenious acid, and leaves a white powder, which dissolves with great 
difficulty in acids, and probably consists of basic selenite of ceric oxide. 
Selenide of cerium dissolves in the weakest acids with evolution of seleniu- 
retted hydrogen. Water has no action on it. (Berzelius.) 

Aqueous solutions of cerous salts give with alkaline hydroseleniates 
a pale red precipitate, which becomes darker in the air from decomposi- 
tion. (Berzelius.) Probably hydrated selenide of cerium, or hydroselenrate 
of cerous oxide. 


B. SELENITE oF Crrovus Oxipk, or CERous SELENITE.—a. Jfono- 
selenite.—W hite powder, insoluble in water. 


b. Bi-selenite—The normal-salt dissolves in an aqueous solution of 
selenious acid. (Berzelius.) 


C. Setentre oF Crrtc Oxipr, or Certo SenenireE.—a. Lemon- 
coloured powder, which parts with its acid when ignited. 


b. Bi-selenite—Formed by dissolving the salt @ in aqueous selenious 
acid. The solution dries up on evaporation to a yellow varnish, which 
loses water when heated, and becomes white, opaque, and crystalline, 
Soluble in water. (Berzelius.) 


+} hee 
iow ty 
ae is 


and leayes ceric oxide after ignition. (Beringer.) 


the atmospheric air is not expelled by the, 
is heated, an infusible mixture is obtained, consisting of chloride and... 
- protoxide of cerium. (Mosander.)—2. A solution of protoxide of cerium in 
~. hydrochloric acid is evaporated to dryness, after the addition of sal-ammo- - 
niac; and the ammoniacal salt, together with the last trace of water, 
expelled by exposure to a strong heat: it. is best to heat the substance 


~- CErIuM AND IODINE. 


Iopipe or Crertum?—A solution of protoxide of cerium in aqueous — 


Cerium AND BROMINE. — 


hydriodie acid becomes coloured on evaporation, from separation of iodine, 4 tee 


A. Bromrpre or Certum, and HyproproMaTe oF Crrovus OXIDE. — 


-.—The colourless solution of ceric oxide in aqueous hydrobromie acid 
yields small af haces on evaporation; and if the evaporation be continued, 


, 


it evolyes hydrobromic acid, and leaves a solid, highly deliqueseent. — 
residue, which, when heated, becomes tenacious and then solidifies again. © 
When this residue is strongly ignited, the bromine is partially expelled, 
and an insoluble orybromide of cerium remains, which, on the addition of — 
nitric acid, evolves bromine. (Berthemot, Ann. Chim, Phys. 44,398.) 


B. Bromate or Crrovs OxipE, or CEROUS Bromate.—A_ hot 


saturated solution of cerous sulphate is precipitated by an equivalent quan- 


tity of bromate of baryta, and the filtrate concentrated under the evapo- — é 
rating receiver over oil of vitriol. Colourless, laminated, and fibrous crys- — 


tals, with yellow spots here and there: they do not effloresce, even when 


kept for a lengthened period under the receiver, and leave ceric oxide. 
after ignition, Readily soluble in water. (Rammelsberg, Pogg. 55, 63.) 


aa Crystallized. ~«~--Rammeélsberg. 
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CeO, BrO® + GAq. vsscse scan 226'4 4. 100°00 


CrRIUM AND CHLORINE. | 


A, CutoripE oF Certum.—Cerium burns vividly when heated in 


- chlorine gas. (Mosander.) Chlorine passed over ignited ceric oxide, forms - 
chloride of cerium, mixed however with oxide; a small quantity of white 


oxychloride is also sublimed. (Beringer.) Preparation.—1. Heated sul- 


phide of cerium is decomposed by dry oe pas. -(ITT:, 267:). dfsale - 


orine before the sulphide — 


in a glass tube through which a rapid current of dry chlorine is made to : 


pass. (Beringer.) j : shat 
White, porous, fusible at a red heat. (Mosander.) Semifused mass. 


(Beringer.) Potassium and sodium decompose it with the aid of heat | 


ectly soluble in water, _ 


seoente but without producing perceptible ignition, (Beringer.) Per- . 
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: : oe Hydrated Protochloride of Cerium, or Cerous Hydrochlorate.—Formed 
by dissolving the hydrate or carbonate of cerous or ceric oxide, in boiling 
hydrochloric acid, and- evaporating to a syrupy consistence. Pale rose- 


_~ coloured crystals (Vauquelin, Beringer); colourless, four-sided prisms 


_ (Hisinger & Berzelius).. The crystals heated in a retort give off, first 
_-water and then hydrochloric acid (if hydrochlorate of ceric oxide is 
present, chlorine is likewise evolved), leaving a compound of protochloride 

and sesquichloride of cerium, or ceroso-ceric chloride. (Berzelius.) 

- Both the anhydrous and the hydrated chloride of cerium. deliquesce 
“im the air, The aqueous solution is colourless, but soon turns yellow on. 
exposure to the air, from formation of a ceric salt, A solution of the 

_ salt in alcohol burns with a green, scintillating flame. (Berzelius.) 


__ B. Oxycuioripe or Cerium.—1. Remains in’ the retort after heating 

the hydrated chloride of cerium. (Berzelius.)—2. Formed during the 
- decomposition of sulphide of cerium by chlorine, if the air be not com~ 
_. ‘pletely excluded. (Mosander.) White; turns yellow when moistened 
and exposed to the air. Insoluble in acids. Decomposed by fusion with 


oe alkalis. (Berzelius.) Leaves pure ceric oxide when strongly ignited in 


an open yessel. (Beringer.) 


C. HypraATED SESQUICHLORIDE oF Cerium, or Crertc HyprRocHto-. 


- RAvTE.—The reddish-yellow solution of ceric oxide in cold hydrochloric 
 acid—the acid being in excess—evolves chlorine gas on the slightest ele- 


vation of temperature, and assumes a golden-yellow colour; it is after- 

_ wards found to contain a mixture of protochloride and sesquichloride of © 
cerium (or hydrochlorate of ceroso-ceric oxide): after prolonged ebullition, 

-protochloride of cerium alone remains. (Berzelius.) | 


CERIUM AND’ FLUORINE. 


A. Prorornvoripn or Crrtum.—Formed by precipitating proto- 
chloride of cerium with an alkaline fluoride. White, insoluble in water. 


4 _(Berzelius.) -It is only partially reduced by exposure in a heated state 


'. to a mixture of hydrogen gas and vapour of potassium. (Mosander.) © 


_ B. SEsquirivoripE or Czrium.—Prepared in a similar manner. | 
--Yellow, and insoluble in water. . Occurs in six-sided prisms, mixed with 
half its weight of protofluoride of cerium; also with fluoride of yttrium 


~. and fluoride of calcium, as Yttrocerite. 


- Hydrated Sesquifluoride with Sesquioxide of Cerium, or Sesqui-hydro- 
 fluate of Ceric oxide (Ce’F*, Ce?O* + 83Aq = 2Ce0?0*, 3HF), occurs as - 
Basic Fluoride of Cerium, — ey Pe ae 


CERIUM AND NITROGEN. 


a pat AC NrtraTE or CEROUS Oxtpr, or Crerovus Nitrate.—The solution Le 
-eyaporated to the consistence of syrup, yields colourless, tabular crystais. 
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| (Berzelius.) Beringer did not obtain any erystals ; Vauquelin, only from 
an acid solution, When ignited, it leaves ceric oxide. Dissolves readily 
‘in water and in 2 parts of alcohol. (Vauquelin.) — 


_ B. Nrrrate or Ceric Oxipe, or Cerio Nirrate.—The alle dis- 
solves in nitric acid, slowly and with difficulty, giving rise to a reddish- 
yellow solution, which becomes colourless when diluted. (Klaproth.) _ By 


evaporation, a reddish-yellow crystalline mass is obtained, resembling 


honey in appearance, and absorbing moisture from the air. (Berzelius.) 


C. CarBoNATE OF CERoUS OxIDE anp AMmontA.—Carbonate of 
cerous oxide is slightly soluble in an aqueous solution of carbonate of 


ammonia. (Berzelius.) 


D. SunpHatE or Cerous Oxipr anp AmmontA.—The solutions of 
the two salts do not become turbid immediately on being mixed; but in 
the course of 24 hours, small crystals are deposited. The double salt is also 
separated in the form of .a crystalline powder, by boiling the mixed solu- 
tions; it may be purified by re-solution in water and crystallization. 
Pale, rose-coloured, obtuse rhombohedrons, soluble in water. (Beringer.) 


CERIUM AND PoTASSIUM. 


The oxides of cerium do not combine with potash, either in the wet or in 
the dry way. 


A. CarBonaTE oF Cerous OxipE AND Porasu.—Cerous oxide may 
be fused with carbonate of potash: the compound dissolves in water, 


- forming a yellow solution. A similar liquid is obtained by dissolving the 


hydrate or carbonate of cerous oxide in an aqueous solution of carbonate 
of potash. Acids precipitate the cerous oxide. (Hisinger & Berzelius.) 


B. CARBONATE OF Crric OxIDE AND PorasH.—Carbonate of potash 
dissolves a small quantity of hydrated ceric oxide. (Berzelius.) 


C. SutpnatE oF Crrous OxipEe anp Porasn.— Precipitated on 
mixing the solution of a cerous salt with sulphuric acid and potash: e. g., 
a concentrated solution of a cerous salt with a solution of sulphate of 
potash or with crystals of sulphate of potash. The precipitation is not 
prevented by excess of acid, but does not take place if the solution is too 
dilute. According to. Th. Scheerer, any sesquioxide of iron which may be 
present in the liquid, is carried down with the double salt, and gives 
it a yellow colour. The double sulphate is also precipitated, when a 
mass of crystallized sulphate of potash is suspended in the solution of a 
cerous salt; and by arranging the crystals of sulphate of potash so that’ 
they may reach to the surface of the liquid, the whole of the cerium may 
be separated in combination with the potash. The double salt is precipi- 


- tated in the form of a white powder, which, after being purified with cold 


water and dissolved in boiling water, is deposited in small, colourless 
erystals. (Berzelius.) The double salt, when precipitated by suspending 
a mass of crystallized sulphate of potash in a cerium solution, contains a 
slight excess of sulphate of potash, which is not entirely separated by 
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washing and recrystallization. (Beringer.) It fuses at a red heat without 
decomposition. (Berzelius.) If the double salt is fused with three times 
_ its weight of carbonate of soda, and the mass exhausted with water, 
ceric oxide remains, free from sulphuric acid, but not easily soluble in — 
boiling hydrochloric acid. (Beringer.) From a hot aqueous solution of | 

this salt, caustic potash or carbonate of potash precipitates hydrated 
cerous oxide mixed with basic cerous sulphate, unless the mixture is 
digested or boiled for a considerable time; in that case, all the sulphuric 
acid is separated. Sulphuric and other acids dissolve the double salt, at 
the same time converting the normal sulphate of potash into bisulphate. 
Boiling water dissolves the double salt rather freely; cold water but - 
slightly; and water saturated with sulphate of potash, not at all. (Ber- 
zelius. ) ) 


D. Surenate or Certc Oxme anp Porasn.— Precipitated by 
mixing ceric sulphate with a small quantity of potash or sulphate of 
potash; it has an orange-yellow colour, and is difficultly soluble in water. 
(Hisinger & Berzelius.) Separates from a hot aqueous solution in dark 
yellow crystals. From a solution of this salt, potash throws down pure 
ceric oxide; ammonia, however, and carbonate of ammonia or potash, 
precipitate ceric oxide mixed with sulphuric acid. (Berzelius.) The 
double salt is thrown. down as a sulphur-yellow precipitate from a solu- 
tion of ceric oxide in nitric acid, on the addition of sulphate of potash ; if, 
however, the nitric acid solution be previonsly boiled or mixed with 
hydrochloric acid, sulphate of potash produces a white precipitate, (Th. 
Scheerer, Pogg. 56, 499.) 


CERIUM AND SopDIuM. 


The oxides of cerium do not combine with pure soda. 


A.and B. The protoxide and sesquioxide of cerium form, with a 
solution of carbonate of soda, a compound similar to that which they 
form with carbonate of potash.k—The oxides do not unite with carbonate 
of soda before the blowpipe. 


C. and D. Borax or phosphate of soda and ammonia yields with ceric 
oxide, a clear glass, which is deep red while hot, but becomes colourless 
on cooling; when heated in the inner flame of the blowpipe with an 
excess of ceric oxide, it forms a yellow enamel. (Berzelius.) 


EK. Surpuate or Cerous Oxipe anp Sopa.—From a solution of 
cerous sulphate, a saturated solution of Glauber’s salt precipitates the | 
double salt, rendering the liquid turbid; by heating the mixture to the 
boiling point, the cerium is completely precipitated. Or, if crystallized 
‘Glauber’s salt is suspended in a solution of cerous sulphate, nearly all _ 
the cerium is separated in the form of the double sulphate. (Beringer.) 


Calculation. Beringer. 
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NaO, SO? + 2(CeO,SO*) 259-2 .... 100°00 ... 100;900 
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| Crertum AND CALCIUM. 


Carponate or Crrovs Oxive and Lime.—Occurs native in Parisite, 
a new cerium mineral discovered in New Granada, by L. Spada. Belongs 
to the rhombohedral system of crystallization. It forms bipyramidal 
dodecahedrons, the angles at the lateral edges being 120° 34’, and at the 
edges of the base 164° 58’; hence the ratio of the axes = 1 : 0°1524. 
Hardness, between felspar and apatite; specific gravity = 4°35. Colour 
greenish-yellow, with a tinge of red, like that which occurs in many zine 
ores. Fracture yellowish-white, of a glassy lustre and slightly conchoidal. 
Transparent in thin lamine; thicker pieces appear highly translucent at 
the edges. When heated in a glass tube, it evolves water and carbonic 
acid, acquires a cinnamon colour and becomes very friable. Before the 
blowpipe, it is infusible and incandescent; with borax it forms a yellow 
bead, which becomes colourless on cooling. Difficultly soluble in hydro- 
chloric acid, producing effervescence. Contains in 100 parts: cerium, &e. 
50°78, calcium 8°29, fluorine 5:49, oxygen 9°55, carbonic acid 23°50, 
water 3°38 = 8 (CeO, LaO, Di0; CaO) CO? + (CeO, LaO, DiO) HO + 
2Ca F. (Bunsen, Ann. Pharm. 53, 147.) VT 


Cerium likewise combines with iron. 


CuHapTerR IX. 


LANTHANUM. 


Mosander, Pogg. 46, 648; 47, 207; 56, 504. 
Watts, Qu. J. of Chem. Soc. London, 2, 131. 


History. Mosander discovered, in 1839, that the oxide of cerium, 
as then prepared, contained (besides oxide of didymium) another metallic 
oxide, which, on account of its having so long escaped notice, he named 
LanTHANUM (from AavSavew, to lie hid). 


Sources. This metal appears to be invariably associated with cerium. 
It is accordingly found as oxide of lanthanum in Cerite, Euxenite, Mona- 
zite, the Gadepatts of Ytterby, Tschewkinite, Mosandrite, &c. 
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Preparation. A solution of oxide of lanthanum in hydrochlorie acid 
is evaporated to dryness; the residue heated in a current of hydrochlorie 
acid gas, to render it perfectly anhydrous; and the chloride of lantha- 
num decomposed by sodium with the aid of heat. The resulting chloride 

of sodium is then dissolved out by alcohol of specific gravity 0:833; 
the small quantity of oxide of lanthanum produced, washed away from 
the metal; the finely-divided lanthanum dried by pressure between folds 
of blotting-paper, and finally in yacto over oil of vitriol. (Mosander.) 


Properties. Dark lead-grey metallic powder, soft to the touch, and 
adhering by pressure. (Mosander.) 


Atomic weight: 44-3 (Rammelsberg); 36°15 (Choubirie); 36°1 (Otto); 
below that of cerium. (Mosander.) 


Compounds of Lanthanum. 
LANTHANUM AND OXYGEN. 
A. Oxipn or LANTHANUM. LaO. 


Formation. Lanthanum is slowly oxidized by exposure to thé air. 
It evolves hydrogen gas slowly in cold water, rapidly in hot water, and 
is converted into a viscid hydrate of the oxide. (Mosander. ) 


| Preparation. The hydrated cerous or ceric oxide containing lantha- 
num, and prepared from cerite by either of the methods 1—10 (pp. 259 
—261) is dissolved in nitric acid, evaporated to dryness, and ignited until 
all the nitric acid is expelled. The powdered residue is then digested 
for some-hours at a gentle heat with a mixture of one part of nitric acid 
and from 50 to 100 parts of water; the nitrate of lanthanum filtered 
from the ceric oxide, which is nearly insoluble in the dilute acid; and 
carbonate of lanthanum precipitated from the filtrate by carbonate of 
ammonia. The precipitate, in the course of twenty-four hours, collects 
into shining scales, easily washed on the filter; and from these, by drying 
- and prolonged ignition, oxide of lanthanum is obtained. (Mosander.)—A 
small quantity of ceric oxide is invariably present in the nitric acid solu- 
tion, the presence of the lanthanum seeming to increase its solubility. 
(Mosander.) The presence of a basic salt, or of an alkali, also favours 
its solution. On this account, the oxide of lanthanum prepared as above 
must be dissolved in hydrochloric acid—the solution neutralized as exactly 
as possible with ammonia—acetate of ammonia added—and lastly oxa- 
Jate of ammonia. The precipitate thus formed is to be collected on a 
double filter (vid. p. 259, note); the turbid liquid which first runs through 
poured back; the oxalate washed, dried, and ignited; and the remaining 
oxide once more dissolved in nitric acid, which still leaves behind a small 
quantity of ceric oxide. (H. Scheerer, Pogg. 56, 498.) . 
‘I The solution obtained by this process contains didymium as well 
as lanthanum. It has already been observed that the oxide of lanthanum 
dissolves in dilute acids more readily than the oxide of didymium: hence 
if the dilute nitric acid be poured off from time to time, and fresh acid 
added, the first solutions will be richer in lanthanum, the last in didy- 


mium; and if the first portion of acid be poured off after it has acted on 
T 2 
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the red-brown oxide for a few minutes, and especially if it be kept quite 


cool, the solution obtained contains but a very small quantity of didy- 


mium. This isa very good way of obtaining a solution of lanthanum 
nearly pure, 

- The complete separation of lanthanum and didymium is one of the 
most difficult problems in chemistry: indeed, there is no method known 
by which this separation can be at once effected: it can only be accom- 


plished by repeated crystallization of the sulphates.—1. The sulphates. 


of lanthanum and didymium, when in the anhydrous state, dissolve with 
ease in a very small quantity of water at temperatures below 9° C. or 


48° Fah.; and when the solution is gently heated, the sulphate of lantha- 


num crystallizes out first.—A solution of lanthanum and didymium free 
from cerium having been obtained by either of the methods already de- 


scribed (pp. 259—261), the mixed oxides are precipitated by caustic pot-. 


ash, and the precipitate, after washing, dissolved in dilute sulphuric acid. 
The solution is then evaporated to dryness, and the residue gently heated 
in a platinum capsule to drive off the excess of acid, and render the 
mixed sulphates anhydrous. The anhydrous sulphates are then dissolved 
in rather less than six times their weight of water at a temperature of 
2° or 8° (36° or 87° F.), the salt being reduced to powder and added in 
small portions at a time, and the vessel containing the liquid surrounded 
with ice-cold water. If these precautions were not taken, the tempera- 
ture of the liquid might rise above 9°, and then crystallization would 
commence and rapidly extend throughout the whole mass of liquid: but 
if the water be properly cooled, the sulphates dissolve completely. A 
solution having been thus obtained, it is to be gradually heated by a 
water-bath to rather more than 40° (104° F.). The sulphate of lantha- 


num then crystallizes out, accompanied by only a small quantity of the. 


didymium salt. To purify it completely, it must be again rendered 
anhydrous, redissolved in ice-cold water, &c., the whole process being 
repeated ten or twelve times before the sulphate of lanthanum is ob- 


tained quite pure. The test of purity is perfect whiteness: the smallest. 
quantity of didymium imparts an amethyst tinge. (Mosander.)—2. When. 


an acid solution of the mixed sulphates of lanthanum and didymium 
is left to spontaneous evaporation in a warm place, the sulphate of 
didymium crystallizes out first; and if the didymium is in excess, two 
sorts of crystals collect at the bottom of the vessel. (a.) Large rose- 
coloured rhombohedral crystals modified with numerous secondary faces. 
(6.) Slender, prismatic, violet-coloured crystals, which adhere to the sides 
of the basin: the former are nearly pure sulphate of didymium; the latter 
consist of the two sulphates mixed. (Mosander.)—Further, if the rose- 
coloured crystals be removed; the violet-crystals redissolved; the solu- 
tion mixed with the mother-liquid; and the whole again subjected to 
slow evaporation—no more large crystals of didymium-salt are obtained, 
but the solution yields small rhombohedral crystals of a violet. colour; 
and by taking these out—evaporating the liquid still further—and repeat- 
ing these operations three or four times, the solution at length becomes 
perfectly colourless—and when evaporated to dryness, yields a colourless 
residue of sulphate of lanthanum. The solution in this state yields per- 
fectly colourless precipitates with alkalis, alkaline carbonates, and oxa- 
late of ammonia. (W.) 4 


_ Properties. White powder. If contaminated with oxide of didymium 
it appears of a brick-red colour after ignition, but becomes greenish-white. 
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alter being heated to redness in hydrogen gas. In the red state it is 
more easily dissolved by acids, and yields a solution and crystals of a 
reddish colour; in the greenish-white state, it yields greenish solutions 
and crystals. ‘| When perfectly white carbonate of lanthanum in small 
lumps is strongly ignited in an open vessel, the surface of the lumps turns 
brown, while the inner portions remain white ; on breaking up the lumps, 
and stirring, to renew the surface of contact with the air, the whole 
becomes light brown; but it is difficult to obtain it of a uniform colour, 
In a platinum crucible with a closely fitting cover, carbonate of lanthanum 
undergoes no change of appearance, even at a bright red heat. Hence 
it would appear that the brown colour just spoken of is due to the 
formation of a higher oxide, rather than to the presence of didymium. 
Carbonate of didymium, when ignited, becomes dark brown ina very short 
time. If perfectly white carbonate of lanthanum ig dissolved in nitric 
acid, the solution evaporated to dryness, and the residue ignited, an oxide 
is obtained of a uniform brown colour. These facts seem to indicate that 
the brown colour is essential to the anhydrous oxide of lanthanum, and 
does not arise from the presence of didymium. The brown substance may, 
however, as already suggested, be an oxide of higher degree of oxidation 
than the protoxide. (W.) % Oxide of lanthanum is not decomposed by 
potassium, (Mosander.) 


Combinations. a. With water.—Hypratep Oxipe or LANTHANUM. 
—The metal or its oxide, when immersed in warm water, is gradually 
converted into the hydrate. Potash precipitates this hydrate from the 
salts of lanthanum. White; turns reddened litmus-paper slightly blue. 
The recently prepared hydrate is viscid while moist. That which is 
thrown down by potash stops up the pores of a filter. (Mosander.) 
‘41 Absorbs carbonic acid from the air with great rapidity, so that when 
washed on a filter, it is generally converted into carbonate, before the 
washing is completed. (Mosander.) 


6. With acids.—Saurs or LanrHanum.—The oxide, even after strong 
ignition, dissolves easily in acids. When boiled in solution of sal-ammo. 
niac, it dissolves and drives out the ammonia. ‘The salts are colourless, 
when free from didymium. Those which are soluble have an astringent 
taste, with a scarcely perceptible trace of sweetness. Potash precipitates 
the hydrate from them in a very viscid state. (Mosander.) So likewise 
do caustic ammonia and hydrosulphate of ammonia. The precipitate is 
not soluble in excess of the alkali, According to Mosander, ammonia 
precipitates from the solutions of lanthanum, basic salts which are very 
viscid and dissolve in pure water, forming a milky solution which passes 
through the filter. If the basic salt is left for some time on a filter, 
it absorbs carbonic acid, and a neutral salt is formed, which dissolves 
and filters through, leaving carbonate of lanthanum behind. 7 The 
normal carbonate or bicarbonate of ammonia or potash gives a white prey. 
cipitate insoluble in excess of the alkaline carbonate ; phosphate of soda 
white; alkaline oxalates, a white powder, not dissolved by water or saline 
solutions. (Choubine, J. pr. Chem. 26, 443.) Sulphate of potash does not 
affect a solution of lanthanum ; a precipitate would indicate the presence 
of cerium. (Mosander.) 
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B. PERoxipE oF LANTHANUM. 


Obtained only as hydrate by precipitating a neutral salt of lanthanum 
with peroxide of barium. White, with a yellowish tint (probably arising 
from didymium). Loses oxygen as it becomes dry. [Possibly the brown 
substance obtained by igniting the carbonate or nitrate, may be this oxide 
in the anhydrous state. (W.)| 


LANTHANUM AND CARBON. 


CarBonate oF Lantaanum.—Found native in small crystalline 
seales containing traces of protoxide of cerium (Mosander); formerly 
regarded as carbonate of the protoxide of cerium. The precipitate pro- 
duced in solutions of lanthanum by alkaline carbonates is gradually con- 
verted into shining, crystalline scales, which, after being thoroughly washed 
and dried, form a shining coherent mass. (Mosander.) By precipitating 
a hot solution, crystalline scales are obtained; but in the cold, a horn 
translucent mass is formed resembling hydrate of alumina. (Bolley.) The 
complete expulsion of the carbonic acid can only be effected by long 
continued ignition. (Mosander.) (Vid. p. 277.) 


LANTHANUM AND PHOSPHORUS. 


PHosPHATE OF LantHANUM.—The white precipitate which ordinary 


diphosphate of soda produces in lanthanum solutions is soluble in acids, 
(Choubine. ) . 


LANTHANUM AND SULPHUR. 


A. Sutpaipe or Lanraanum,—Lanthanum ignited in an atmosphere 
of bisulphide of carbon, forms a yellow mass, which is converted by cold 
water into hydrated oxide of lanthanum and free hydrosulphurie acid. 
(Mosander.) If 1 part of oxide of lanthanum is ignited with 3 parts of 
soda liver of sulphur, and the product exhausted with water, a reddish- 
yellow residue remains, which, when examined by the microscope, is 
found to consist of translucent crystals, (Beringer, Ann. Pharm. 42, 189.) 


_ B, Sutpwate or Lantnanum.—The salt, when dehydrated by igni- 
tion, has a reddish-white tint, and contains 56°642 per cent. of oxide of 
lanthanum, and 43°358 of acid. The hydrated crystals are of an amethyst 
red colour. (Rammelsberg, Pogg. 55, 65,) [The reddish hue is caused by 
didymium.] The crystals belong to the right prismatic system. Right 
rhombic prisms, having their acute lateral edges and their acute summits 
truncated; therefore, with w, ¢, and i-faces; wu) : u = 96° 36'. (Bolleyednn. 
Pharm. 33, 126.) I Crystallizes in small six-sided prisms, with hexa- 
gonal summits, containing 8 atoms of water. It is much less soluble in 
warm than in cold water; at 2° or 3° it dissolves in 6 parts of water ; 
at 23°, in 42} parts; and at 100° it requires 115 parts for solution. (Vid. 
p. 276.) Ata strong red heat, it loses half its acid, and is converted into 
an insoluble basic salt. (Mosander.) { rn 
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LANTHANUM AND BROMINE. 


Bromate or Lanrnanum.—Bromate of baryta is precipitated by an 
equivalent quantity of sulphate of lanthanum, and the filtrate concentrated 
under the evaporating receiver, over oil of vitriol. The pale amethyst- 
coloured crystals contain 23°67 per cent. of oxide of lanthanum. At 100° 
they lose 18°08 per cent. of water; at 160° (320° F.) altogether, 20°38 
per cent. At a somewhat higher temperature, they rapidly evolve vapour 
of bromine and oxygen gas, and leave a whiie bulky residue consisting of 
a mixture of bromide and oxide of lanthanum, in which the bromine 
amounts to 29°36 per cent. (Rammelsberg.) The crystals exactly 
resemble those of cerous sulphate. (Beringer.) 


LANTHANUM AND CHLORINE. 


CHLORIDE oF LantHanum.—1. The hydrochloric acid solution of the 
oxide evaporated and heated in a current of hydrochloric acid gas till 
rendered perfectly anhydrous, leaves chloride of lanthanum. (Mosander.) 
—2. 100 parts of oxide of lanthanum ignited in a tube through which a 
current of hydrochloric acid gas is passed, yield 162-09 parts of chloride 
of lanthanum. (Choubine.) Chloride of lanthanum is very soluble in 
water (Mosander); the solution yields pale rose-coloured, hydrated ecrys- 
tals (Beringer); perfectly white when pure. (W.) 


LANTHANUM AND NITROGEN. 


Nirrate oF LantHanum.—Very soluble in water. (Mosander.) 
4] Readily soluble also in alcohol. Crystallizes in deliquescent colourless 
prisms. The solution evaporated at a temperature above 30°, yields an 
opaque white mass. When carefully heated, so that water is alone 
expelled, it fuses, and solidifies to a colourless glass on cooling. If the 
heat is raised so as to drive off a portion of the acid, a fused mass remains, 
consisting of neutral and basic salt. \On cooling, it solidifies and forms a 
sort of enamel, which almost immediately afterwards crumbles to a bulky 
white powder, and with such force, that particles are scattered about to a 
distance of several inches. (Mosander, Ann. Pharm. 48, 210.) T 


LANTHANUM AND PoTASSIUM. 


SutpHaTe oF LanTtHaNuUM AND PorasH.—Sulphate of potash does 
not precipitate the lanthanum-salts; the double salt, however, is but 
sparingly soluble. (Mosander.) According to Th. Scheerer, the salts of 
lanthanum form red or yellow precipitates with sulphate of potash. 


Choubine. 
Potash eect ee ee i 27°48 
Oxide of Lanthanum .,.. 25°69 
Sulphurte ‘Acid® .....h0;:. 46°68 


§] Cnarter IX. (a.) 


DIDYMIUM. 


Mosander, Pogg. 56, 504; Phil. Mag. J. 28, 241; abstr. Ann. Pharm. 
48, 210. 
Watts, Qu. J. of Chem. Soc. 2, 181. 


This metal was discovered by Mosander in 1841. It. appears to be 
always associated with cerium and lanthanum, and therefore occurs in 
Cerite, Orthite, Monazite, &c. It has not yet been obtained in the metallic 
state; neither has its atomic weight been ascertained. 


Ox1DE oF Dipymium.—Preparation. The oxides of lanthanum and 
didymium having been freed from cerium and converted into sulphates, 
_ the solution of the mixed ‘sulphates is acidulated with sulphuric acid and 
left to evaporate ina warm place. Two sorts of crystals then separate, 
viz., large rose-coloured rhombchedral crystals; and slender, prismatic, 
violet crystals; the former, which are nearly pure sulphate of didymium, 
are to be picked out, and purified by recrystallization. [Mosander first’ 
separates the greater part of the sulphate of lanthanum by the process 
described at page 276, then acidulates the mother-liquor, and leaves it to 
evaporate. The crystals of sulphate of didymium may, however, be at 
once obtained from the original solution of the mixed sulphates, without 
this preliminary process. | 

A pure salt of didymium having been thus obtained, the oxide may 
be prepared by precipitating with caustic potash or oxalate of ammonia, 
and igniting the precipitate. 

The anhydrous oxide is of a dark-brown colour, but not uniform, 
some parts being lighter than others; this is particularly the case, when it 
has been obtained by igniting the hydrated oxide precipitated by a caustic 
alkali. At a white heat, it loses its brown colour and becomes dirty 
white. Heated with microcosmic salt in the inner blowpipe flame, it 
forms an amethyst-coloured glass, like that formed by titanic acid. Heated 
with carbonate of soda on platinum foil, it yields a mass of a greyish- 
white tint. The hydrated oxide is of a violet colour; it absorbs carbonic 
acid from the air, but less rapidly than hydrated oxide of lanthanum. 


Sauts oF Dipymium.—Both the hydrated and anhydrous oxides dis- 
solve readily in acids whether concentrated or dilute. When boiled with 
sal-ammoniac, they are also dissolved, with evolution of ammonia, but less 
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readily than oxide of lanthanum. Altogether, oxide of didymium is a less 
powerful base than oxide of lanthanum. This circumstance may be made 

___ available for effecting a partial separation of the two oxides (vid. p. 275). 
All the salts are coloured, some being pink or rose-coloured, some amethyst 
or violet-coloured. The solutions are not precipitated by sulphide of ammo- 
nium, unless a large quantity is added, and the mixture afterwards heated; 
in that case, hydrosulphuric acid is evolved, and a red basic salt precipi- 
tated. Ammonia likewise throws down a basic salt, which may be washed 
without passing through the filter. Potash or soda precipitates the 
hydrated oxide. 


Sulphate: Appears to belong to the doubly oblique prismatic system. 
(Wallmark.) Crystallizes from a solution containing lanthanum, in rhom- 
bohedral crystals with numerous secondary faces; but when these crystals 
are (lissolved and the solution left to evaporate, small crystals are obtained, 
having the form of an oblique rhombic prism without secondary faces. 
This appears to be the form of the pure salt. (W.) Dissolves in 5 parts 
of water at a temperature between 15° and 20°. The anhydrous salt 
dissolves rapidly when thrown into water by small portions at a time. A 
cold saturated solution deposits the salt in crystals, at 53°, and continues 
to deposit a larger quantity as the temperature rises, so that at 100° C. 
only 1 part of the salt remains dissolved in 50°5 parts of water. It is 
not decomposed at a low red heat. By exposure to a white heat for an 
hour, it loses two-thirds of its acid. With sulphate of potash it forms an 
amethyst-coloured salt, which is totally insoluble in excess of sulphate of 


potash. (Mosander.) 


Nitrate: Crystallizes with difficulty. Deliquescent. A strong syrupy — 
solution of this salt has a beautiful red colour, but appears violet-blue b 
reflected light. It cannot be fused without loss of acid. The solidified 
mass does not crumble to powder like the lanthanum salt, but retains its 

_ form. (Mosander.) 7 , 
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CHAPTER X. CNT 


YTTRIUM. 


el 


Gadolin. Yttria. Crell. Ann. 1796, 1, 813. , 

Eckeberg. Yttria. Scher. J. 8,187; also Crell, Ann. 1799, 2, 65.—Fur- 
ther: Scher. J. 9, 597. . 

Klaproth,. Yttria. Scher. J. 5, 581. 

Vauquelin. Yttria. Scher. J. 5, 552; also Crell. Ann. 1801, 1, 227. 

Berzelius. Yttria. Schw. 16, 250 and 404, and in his Lehrbuche, 

Wohler. Yttrium: Pogg. 18, 580. : s 

Berlin. Yttria. Pogg. 43, 105. 

Mosander. Yttrium, Erbium, Terbium. Ann, Pharm. 48, 219, 


History. Yttria was discovered in 1794 by Gadolin, and further 
examined by Eckeberg, Klaproth, Vauquelin, Berzelius, and Berlin. | 
Wohler obtained from it the metal yttrium. In 1848, Mosander disco- 
vered that the substance “hitherto denominated yttria, and regarded as a 
simple earth, is in reality a mixture of three different earths, one of 
which in the anhydrous state is yellow, while the other two are colour; 
less. For the strongest of these three bases the name of Yétria is retained, 
while the other two have received the names of Hrbia and Terbia,— 
terms, which, as well as Yttria, are formed from the letters of the word ~ 
Yiterby, the name of the locality where the mineral Gadolinite, the origi- 
nal source of all these substances, was discovered.. The following descrip- 
tions of yttria and its compounds, as far as page 290, refer to the mixed 
earth to which that name was originally applied. J ~ | 


Sources. Very rare. Combined with fluorine in Yttrocerite, and in 
‘small quantities in fluoride of cerium and in Warwickite; as carbonate 
of yttria; as phosphate of yttria; as silicate of yttria, together with other 
silicates, in Gadolinite, Orthite, Pyrorthite, and in small quantities, in 
Pyrochlorite and Cerite; as titanate of yttria, in Polymignite; as tantalate, 
in Yttrotantalite, Huxenite, and Fergusonite. . 


Preparation. Chloride of yttrium and flattened globules of potassium 
are arranged in alternate layers in a platinum crucible, the quantity of 
potassium not being quite sufficient to decompose the whole of the chlo- 
ride of yttrium; the cover is then fastened down by a wire, and heat: 
applied by means of a spirit-lamp. The reduction is effected in a moment, 
and with such violent disengagement of heat, that the crucible becomes 
white hot. When the whole has become perfectly cold, the cover is taken 
off, and the crucible thrown into a Jarge glass of water, in which the fused 
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- chloride of potassium dissolves, with evolution of a small quantity of 
_ hydrogen-gas having a fetid odour; and the yttrium is collected on a 
filter, washed thoroughly, and dried. (Wohler.) Yttria is but imperfectly 
decomposed by vapour of potassium at a white heat. (H. Davy.) The 
double fluoride of yttrium and potassium appears to be decomposed by 
potassium; but on the addition of water, the pure yttrium which may haye 
been separated is reoxidized. (Berzelius, Pogg. 4, 117.) - 

Properties. Dark-grey, shining powder, consisting of small scales, 
having a metallic aspect and iron-grey colour; under the burnisher, it 
takes the colour and lustre of iron; it appears to be brittle. (Wohler.) 


J 


Compounds of Yitrium. 
YTTRIUM AND OXYGEN. 
: Yrrria. YO. 
Oxide of Yi ttrimm, Gadolinerde, Yttererde, Gadoline. 


Formation. Yttrium does not oxidize in the air or in water at ordi- 
nary temperatures; heated in the air nearly to redness, it burns with a 
dazzling light and forms a white earth; when burned in oxygen, it exhi- 
bits one of the most splendid combustions known, and leaves a white 
residue showing traces of fusion. Yttrium dissolves readily in aqueous 
acids, with eyolution of hydrogen gas; with greater difficulty in solution 
of potash ; and is insoluble in ammonia. (Wohler.) 


_ Preparation.—1. One part of Gadolinite (containing yttria, silica, 

rotoxide of cerium and sesquioxide of iron) is digested with 10 parts of 
oil of vitriol and 6 parts of water, a moderate heat being applied and the 
liquid frequently stirred. The whole is then evaporated to dryness; the 
residue exhausted with water containing a very small quantity of hydro- 
chloric acid; the solution filtered from the silica; again evaporated to 
dryness; and the residue ignited to decompose the iron-salt contained in 
it. The residue is next boiled with 24 parts of water; filtered hot from 
the oxide of iron; again evaporated, ignited and treated with water; and 
- from the filtrate, after the copper and manganese have been separated by 
careful addition of sulphide of potassium (a larger quantity would also 
separate the yttria), the yttria is thrown down by ammonia in the form 
of hydrate, which is rendered anhydrous by ignition. (Vauquelin.) The 
yttria precipitated by excess of ammonia from a solution containing pot- 
ash and sulphuric acid, invariably contains a portion of these two sub- 
stances; ceric oxide also remains mixed with it. (Berzelius.) 

2. Powdered Gadolinite is dissolved in aqua regia; the solution eva- 
porated to dryness; the mass exhausted with hot water acidulated with 
hydrochloric acid; the solution filtered from the silica; mixed with a suffi-’ 
cient quantity of crystallized sulphate of potash, which must project above 
- the surface of the liquid; and left tu stand for a space of 24 hours: sulphate 
of cerous oxide and potash is then precipitated in the form of a white pow- 
der. The whole is then thrown on a filter and washed two or three times 
with water saturated with sulphate of potash; the filtrate and washings 
neutralized with ammonia; and the sesquioxide of iron precipitated by 
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succinate of ammonia. The filtered liquid treated with ammonia yields : 


a precipitate consisting of basic sulphate of yttria mixed with a small 
quantity of protoxide of manganese: it is repeatedly digested, while still 
moist, with fresh quantities of a dilute solution of carbonate of ammonia, 
well shaken, and allowed to stand. The carbonate of yttria dissolved in 
this liquid is precipitated on boiling the filtrate, and then ignited. (Ber- 
zelius.) If after ignition it exhibits a brown instead of a greyish-yellow 
colour, it contains manganese. To get rid of this impurity, it is dissolved * 
in nitric acid, evaporated to dryness, and heated in a sand-bath to the 
melting point of tin, by which means the nitrate of manganese is decom- 
posed. The mass is then dissolved in a very small quantity of water; 
the almost syrupy liquid filtered through paper; diluted; mixed with 
ammonia; and the resulting hydrate exposed to a red heat. The residue 
on the filter containing manganese, yields, by washing with more water, 
a brown solution, which may be again evaporated and heated to separate 
the manganese. (Berzelius.) 

3. Gadolinite is treated with aqua regia, &c., as in the second method; 
the solution filtered from the silica diluted largely with water; neutralized 
with ammonia; precipitated while hot by succinate of ammonia; and 
filtered rapidly (otherwise succinate of yttria will be precipitated as well 
as succinate of iron). The filtrate, reduced to a smaller bulk by evapo- 
ration, 1s then mixed, as in the second method, with sulphate of potash; 
the solution, separated from the double sulphate of cerous oxide and pot- 
ash, digested with potash in excess; the precipitate well washed and 
strongly ignited (by which a large quantity of sulphuric acid still present 
is driven off); dissolved in dilute nitric acid, which leaves sesqui-oxide of 
cerium and peroxide of manganese untouched; and the filtrate mixed 
with just enough carbonate of soda to precipitate the earth (an excess of 
the alkaline carbonate would redissolve it). The carbonate of ytiria, after 
being washed and ignited, is dissolved in dilute nitric acid; and the preci- 
pitation by carbonate of soda, ignition, and re-solution in weak acid 
repeated several times, the nitric acid solution being lastly evaporated to 
dryness and ignited; or mixed with oxalate of ammonia, and the insoluble 
oxalate of yttria washed and decomposed at a red. heat. (Berlin.) 

For the separation of yttria from sesquioxide of iron, Th. Scheerer 
(Pogg. 56, 496) recommends the following method: The acid solution is 
neutralized with ammonia till it becomes of a dark yellow, but not red- 
dish-yellow colour (in the latter case the alkaline oxalate would subse- 
quently give a yellow precipitate containing iron); a large quantity of 
solution of acetate of ammonia is then added to the mixture, and lastly 
oxalate of ammonia in sufficient quantity to throw down the whole of the 
yttria as a white oxalate. The latter is then washed and converted into 
pure yttria by ignition. (If oxalate of potash is used, a double oxalate 
of yttria and potash separates; this, after ignition, leaves yttria mixed with 
carbonate of potash, from which it cannot be completely purified by water.) 


In the same manner, cerium and lanthanum may be freed from sesquioxide 
of iron. 


Properties. White powder, fusing but slightly at the highest tem- 
peratures, as in the combustion of yttrium. (Wohler.) Berzelius obtained 
the earth of a pale greyish-yellow colour; never white, unless it retained a 
portion of sulphuric acid. Berlin found it to be yellowish white when in 
the purest possible state; the specimens prepared by igniting the hydrate 
were of a deeper yellow than those obtained by igniting the oxalate. 
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According to Th. Scheerer, also, yttria perfectly free from manganese, is 
yellow: it appears white, however, during ignition, and regains its yellow 
colour only as the heat falls below redness. Scheerer attributes this colour 
to the presence of oxide of didymium, which, when strongly heated loses 
oxygen, and at the same time its peculiar tint, but recovers it again as it 
cools (vid. p. 280). 

The specific gravity of yttria is 4°842 (Eckeberg); it is destitute of 
‘taste and smell, and has no effect on vegetable colours. It is but slightly 
decomposed by exposure to the vapour of potassium at a white heat (H. 
Davy); nor is it affected by ignition with charcoal in the heat of the most 
powerful forge (Gadolin). 


Calculation. Berzelius. 
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Combinations. a. With Water.—Hyprarr or Yrtrria.—Chloride 
of yttrium or acetate of yttria is precipitated by caustic potash. By 
ammonia, the yttria is not completely separated, because the ammoniacal 
salt which is formed, retains a portion of the earth in solution. (Berlin.) 
From nitrate or sulphate of yttria the alkalis throw down a basic salt. 
(Berzelius.) The precipitate, which is very bulky, becomes milk-white 
and opaque when dry. (Berzelius.) It shrinks together strongly when 


dried, and at the same time loses its pure white appearance, and absorbs: 


carbonic acid, (Berlin.) According to Klaproth, it contains 31 per cent. 
of water. 


6. With Acids, producing the Sants or Yrrrra. The affinity which 
this earth manifests towards acids, is less than that of the alkalis or of 
magnesia; the hydrate of yttria, however, decomposes ammoniacal 
salts at a boiling heat, and dissolves. (Berzelius.) The yttria-salts are 
colourless. The reddish tint frequeutly observed in them 1s owing to the 
admixture of a salt of didymium. (Mosander.) Berlin obtained the 
hyposulphate, nitrate, and acetate of yttria, and the chloride of yttrium 
perfectly free from colour; in the sulphate only a slight shade of red was 
observed to exist.—The salts of yttria have a greater specific gravity 
than those of the other earths. ‘The soluble salts of yttria are for the 
most part crystallizable, have a sweet and somewhat astringent taste, 
and redden litmus-paper. They part with their acid at a red heat, pro- 
vided the acid is of a volatile nature. From solutions of yttria-salts, the 
caustic alkalis throw down a white, voluminous, floculent precipitate, con- 
sisting partly of hydrate of yttria, and partly of a basic salt; the preci- 
pitate is not redissolved by an excess of the alkali. The alkaline snl- 
phides produce a similar result, with evolution of sulphuretted hydrogen. 
(Berzelius.) According to Klaproth and Vauquelin, the monohydrosul- 
phates of the alkalis do not affect solutions of yttria—The carbonates of 
ammonia, potash, or soda precipitate the earth in the form of carbonate; 
monocarbonate of potash or of soda in excess redissolves the precipi- 
tate in very small quantities; sesquicarbonate of ammonia and bicar- 
bonate of potash, in somewhat larger quantity. (H. Rose.) —Ordinary 


diphosphate of soda gives in.a solution containing not less than one part — 


of salt in 1000 parts of water, a white precipitate, which is soluble in 
hydrochloric acid, and appears again on. boiling.—Sulphate of potash, 
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added to a rather concentrated solution of yttria, produces, after. some 
time, a precipitate consisting of a double salt, which is perfectly soluble 


in a large quantity of water, even though it be saturated with sulphate 
of potash. (Berzelius.)—Di-arseniate of soda produces a white precipi- 
tate.—Oxalic acid throws down, even from rather acid solutions, a copious 
precipitate of oxalate of yttria, soluble in hydrochloric acid. Oxalate 
of potash precipitates double oxalate of yttria and potash. Ferrocyanide 
of potassium precipitates white ferrocyanide of yttrium.—Tincture of galls 
gives a loose, grey (Klaproth), or brown (Vauquelin) floculent precipi- 
tate. The following reagents do not affect solutions of yttrium: hydrosul- 
phuric acid; carbonate of lime—which separates a portion of yttria, only 
when sesquioxide of iron is present in the liquid (Kobell, J. pr. Chem. 1, 
92); alkaline succinates (unless in highly concentrated solutions); and 
ferricyanide of potassium. 


YTTRIUM AND CARBON. 


CARBONATE OF YTTRIA.—Found in the mineral kingdom.—Hydrate 
of yttria absorbs carbonic acid from the air. (Vauquelin.)—When a salt 
of yttria is precipitated with the exact quantity of carbonate of soda 
required, the resulting salt, after being washed and dried, has the form 
of a light colourless powder; but if an excess of carbonate of soda is 
used, the precipitate gradually changes under the supernatant liquid to 
small white shining crystals. Both forms have precisely the same com- 
position: YO, CO* + 3Aq. (Berlin.)—The salt loses 4+ of its water at 
100°; the remainder at about 130°; at a red heat, the greater part of the 
carbonic acid is expelled; but even after exposure to a white heat for two 
hours, the earth still retains 2 per cent. of carbonic acid. (Berlin.)— 
Carbonate of yttria gradually dissolves in an aqueous solution of chloride 
of ammonium and other ammoniacal salts, carbonate of ammonia being 
set free. (Berzelius.)—It is not soluble in water, but is dissolved in very 
small quantities by aqueous carbonic acid. (Gadolin, Berlin.) 


Calculation. Klaproth. Berlin. 
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YTTRIUM AND Boron. 


Borate oF Yrrria.—With boracic acid yttria fuses to a white ena- 
mel. (Gadolin.) The monoborate and biborate of soda give with salts of 
yttria a colourless precipitate, which, while moist, is glutinous and trans- 
parent, but after drying, becomes white and solid; it attracts carbonic 
acid from the air during the process of washing. (Berlin.) 


YTTRIUM AND PuospHorts. 


A. Puospnipr or Yrrrium.—Yttrium, heated with phosphorus, in- 
flames in its vapour and forms a blackish-grey powder, which, in contact 


with water, evolves spontancously inflammable phosphuretted hydrogen _ 


a 
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@ gas. (Wohler.)—Phosphide of yttria is produced by igniting yttria in 
_yapour of phosphorus. (Berlin.) 


_ B&B. Puospuate or Ytrrra.—a. Triphosphate—Found native, consist- 
ing of 62°58 per cent. of yttria, 33:49 of phosphoric acid (with a small 
quantity of fluorine), and 3:93 of basic phosphate of ferric oxide. (Berzelius.) 
—1. Formed by mixing a salt of yttria with phosphoric acid and preci- 
pitating by aimonia.—2. Separated by boiling a saturated solution of 
the salt 6 in hydrochloric acid.—The washed, translucent, gelatinous pre- 
cipitate absorbs carbonic acid, whilst drying, till it is converted into a 
mixture of carbonate and diphosphate of yttria. Before ignition, it is 
easily soluble, but after ignition, difficultly soluble in acids. A solution 
of the salt in hydrochloric or nitric acid deposits it, after evaporation, as 
an opaque, white, insoluble residue; a solution in sulphuric acid deposits 
the salt on evaporation, in a crystalline form, so that the concentrated 
acid no longer retains any of it in solution; the crystals partially dis- 
solve.in water [as sulphate of yttria?], whilst a skeleton mass of diphos- 
phate of yttria remains behind. (Berzelius.) 


b. Diphosphate.—Formed by precipitating a salt of yttria with ordi- 
nary diphosphate of soda,—White powder, infusible before the blowpipe. 
(Gadolin.) A saturated solution of this salt in hydrochloric or nitric acid 
deposits the salt a, on boiling. (Berzelius.) 


c. Acid phosphate.—Prepared by dissolving 6 in phosphoric acid. Has 
a rough, acid taste, and yields a jelly by evaporation. (Gadolin. ) 


YTTRIUM AND SULPHUR. 


A. Sunpntmer or Yrrrium.—Yttrium heated with sulphur, takes fire 
as soon as the sulphur begins to volatilize, and burns, forming grey pul- 
verulent sulphide of yttrium, which is neither dissolved nor acted on in 
any way by water, but when digested in aqueous acids, evolves hydro- 
sulphuric acid in abundance. (Wohler.) 


B. Sunpurre or Yrrrra.—Formed by treating hydrate of yttria 
with an aqueous solution of sulphurous acid, or by precipitating a salt of 
yttria by an alkaline sulphite.— White powder, insoluble in pure water, but 
sparingly dissolved by water saturated with sulphurous acid; this solution 
left to evaporate spontaneously in the air, deposits crystals of sulphate 
of yttria. (Berlin.) 


Calculation. Berlin. 
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C. HyposutpHate or Ytrrra.—aA solution of yttria in the aqueous 
acid, evaporated spontaneously to the thickness of syrup, yields long, clear, 
brilliant, rectangular, obliquely truncated prisms, which, like the solution, 
evolve sulphurous acid, even at 100°. (Berlin.) 


D. Sunprate or Yrrria.—a. Prisulphate.—Formed by igniting the 
normal sulphate of yttria, or by precipitating an aqueous solution of it 
by excess of ammonia. White powder, which loses the whole of its 
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acid by prolonged “exposure to a strong red heat. Insoluble in water: 
(Berzelius.) Potash, even in excess, throws down a basic salt from a solu- 

. tion of the sulphate. When the nitric acid solution of the basic salt is 

evaporated, normal sulphate of yttria crystallizes out, whilst nitrate of 

yttria remains dissolved in the acid mother-liquor. (Berlin.) 


6. Monosulphate. The earth dissolves in sulphuric acid, with evolution 
of heat. (Vauquelin.)—Small, dense, pale amethyst-coloured, oblique 
four and six-sided prisms, with four-sided summits; permanent in the air 
(Ekeberg); specific gravity 2°79; taste sweet, but afterwards rough. 
—The salt begins to effloresce at 40°, and becomes milk-white, but still 
retains its form; does not recover its transparency by immersion in 
water. (Berzelius.) At a red heat, or when mixed with excess of am- 
monia, it loses 2 of its acid, and is converted into the salt a. (Berzelius.) 
—Dissolves very slowly in 25—80 parts (Klaproth); in 50 parts (Vau- 
quelin) of cold water, and in a not much smaller quantity of hot water. In 
water containing sulphuric acid, it is still less soluble than in pure water: 
hence, an excess of sulphuric acid in the solution favours the crystalliza- 
tion of the salt. (Berzelius.) 


YTTRIUM AND SELENIUM. 


A. SELENIDE oF YTTRIUM.— Yttria, heated with selenium to the 
melting point of the latter, combines with it—the act of union being 
attended with slight incandescence. The result is a black mass, which is 
not decomposed by pure water, but evolves bydroselenic acid on the 
addition of dilute acids. (Wéhler.)—The double selenide of hydrogen 
and ammonium gives flesh-coloured precipitates with salts of yttria. 
(Berzelius.) . 


B. SELENITE oF YtTRIA.—The normal alkaline selenites precipitate 
from salts of yttria, large, colourless, curdy flakes, forming, when dry, a 
white powder, which, on exposure to heat, loses, first water, and then 
the whole of its acid, and is not soluble either in water or in excess of 
selenious acid. (Berzelius.) 


YTTRIUM AND IODINE. 


A. lopir or Yrrrium.—The aqueous solution yields, by spontaneous 
evaporation, small transparent crystals, apparently of the form shown in 
fig. 15. Evaporated by heat, it leaves a deliquescent saline mass. The 
crystals, when ignited in the air, yield a compound of iodide of yttrium 


and yttria. They are very soluble in water, and slightly soluble in 
alcohol. (Berlin.) 


_ _B. Iopare or Yrrria.—Separates in the form of a white powder, or 
is deposited on evaporating a solution in nitric acid, as a white anhydrous 
crust, which adheres to the sides of the vessel. Ignited in the air, it is 
decomposed with explosion and incandescence, vapour of iodine and 
oxygen gas being set free. It is soluble in 190 parts of water. (Berlin.) 
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* 
YTTRIUM AND BROMINE. 


A. Bromme or Ytrrium.—A solution of yttria in aqueous hydro- 
bromic acid yields, on evaporation, a syrupy liquid, from which small 
deliquescent cubes are deposited. (Berlin.) An aqueous solution of bro- 
mine acts slightly on yttria, forming small quantities of bromide of 
yttrium and bromate of yttria. (Berlin.) 


B. BromatEe or Ytrr1a.—Resembles the iodate. Leaves bromide 
of yttrium after ignition. When mixed with charcoal or sulphur, it does 
not explode on being struck with a hammer. It is more soluble in water 
than the iodate. (Berlin.) 


YTTRIUM AND CIILORINE. 


A.—CHLorIpE or Yrrrium.—Dry chlorine gas is passed over a 
mixture of yttria and charcoal ignited in a tube of glass or porcelain. 
The chloride of yttrium sublimes in white shining needles, which, near the 
ignited portion of the tube, fuse to a white crystalline mass. Decomposed 
by potassium. (III. 282.) (Wéhler.) If the yttria employed has been 
precipitated by excess of ammonia from a liquid containing sulphuric acid 
and potash, it yields, when treated with charcoal and chlorine (in conse- 
quence of its retaining a portion of the sulphuric acid and potash), a 
dark-red, viscid mixture of chloride of sulphur and chloride of yttrium, 
and afterwards a sublimate of pure chloride of yttrium. In the charcoal 
there remains a compound of chloride of yttrium and chloride of potas- 
sium, forming an efflated, crystalline mass, which does not evolve chloride 
of yttrium, even when strongly ignited. (Wohler.) [H. Rose (Pogg. 59, 
101) states that no chloride of yttrium can be obtained by the use 
of chlorine and charcoal. | 

Hydrated Chloride of Yttrium, or Hydrochlorate of Yttria.—Chloride 
of yttrium dissolves in water with considerable elevation of temperature, 
and likewise deliquesces very rapidly in the air. (Wohler.) The same 
solution is obtained on dissolving yttria in hydrochloric acid. The liquid, 
when spontaneously evaporated in the air, yields, after some time, small 
transparent, very soluble crystals, of tabular form, (Berlin.) When eva- 
porated in a warm place, it leaves a gummy, deliquescent mass, which is 
very difficult to dry thoroughly, and melts at a gentle heat. (Gadolin, 
Vauquelin.) When ignited, it evolves hydrochloric acid and leaves pure 
yttria. (Berzelius.) 


YTTRIUM AND FLUORINE. 


A. FivoriwE or Yrrrium.—Found in an impure state in Y¢éroce- 
rite, and in native Fluoride of Cerium. By precipitating hydrated chlo- 
ride of yttrium with fluoride of potassium, hydrated fluoride of yttrium 
or hydrofluate of yttria is obtained in the form of a white powder (Gay- 
Lussac & Thénard), having a rough taste, and reddening moistened litmus- 
paper; it is not soluble in water or in aqueous hydrofluoric acid. By 
ignition it is converted, with loss of water, into anhydrous fluoride of 
yttrium, which is tasteless and has no action on litmus-paper. (Berzelius, 


- Pogg. 1, 23.) 
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B. Fivoporip® or Yrrrium, and HyprorivaTE or BoRATE OF 
Yerrrra.—Soluble only in water containing excess of acid, from which it 
crystallizes on evaporation. (Berzelius.) 


YTTRIUM AND NITROGEN. 


A. Nirrare or Yrrria.—A concentrated solution yields, after long 
standing, large colourless crystals (Berzelius); evaporated at 50° and. 
then rapidly cooled, it crystallizes in colourless plates. (Berlin.) Ekeberg 
obtained by evaporation a fibrous mass; Klaproth, a viscid mass; and 
Vauquelin, by continuing the evaporation still further, obtained a mass of 
the consistence of honey, which, on cooling, became as hard as stone. 
This salt has a stronger taste than the sulphate of yttria. (Vauquelin.) 
By exposure to the air, it softens and deliquesces. (Ekeberg.) 


B. Carponats or Yrrrra And Ammonta.—Carbonate of yttria 
dissolyes in an aqueous solution of carbonate of ammonia more readily 
than the protoxide of cerium; it requires, however, according to Vau- 
quelin, about five or six times as much of the solvent as the carbonate of 
glucina, The presence of protoxide of cerium, or of sesquioxide of iron 
in very small quantities, renders the carbonate of yttria nearly insoluble 
in carbonate of ammonia. (Berlin.) From an over-concentrated solution, 
the double carbonate of yttria and ammonia separates after the lapse of 
twenty-four hours, as a white powder, which is not dissolved by excess of 
carbonate of ammonia. (Berzelius.) The solution is decomposed by the 
application of heat, or by the addition of an acid. 


YTTRIUM AND PorTaAssiIuM. 


A. CarBonate or Yrrria anp Potasn.—Carbonate of yttria dis- 
solves in an aqueous solution of carbonate of potash, but with greater 
difficulty than in a solution of carbonate of ammonia. 


B. SutpHate or Yrrrra anp Potasu.—Prepared by mixing the 
two simple salts.—Crystalline grains, less scluble in water than the sul- 
phate of yttria, but more so than the double sulphate of cerous oxide and 
potash. (Gahn & Berzelius.) The compound salt is made up of the two 
simple salts in equal numbers of atoms. It is soluble in 16 parts of cold 
water; in 10 parts of water saturated with sulphate of potash; and in a 
still smaller quantity of the latter solution, if it likewise contains an 
ammoniacal salt or free acid. (Berlin.) 


C. CutoripE or Yrrrium anp Porasstum.—(III. 289.) Also 


obtained by fusing the simple chlorides together. Dissolves in water 
with evolution of heat. 


D. FivoripE or Yrrrium anp Porasstum.—Appears to be decom- 
posed by ignition with potassium ; but by subsequent exposure to a white 
heat, it again returns to its original state, while the potassium is vola- 


tilized. (Berzelius.) 
YrrrRiuM AND SopIvuM. 


A, Carponats or Yrrria anp Sopa.—An aqueous solution of car- 
bonate of soda dissolves a small quantity of yttria, which is again thrown 
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down on neutralizing with an acid (Klaproth), and, when the liquid evapo- 
tates, is deposited on the vessel in the form of a white crust. (Berlin.) 
Carbonate of yttria is also dissolved by an aqueous solution of carbonate 
of soda. The earth is not fusible with carbonate of soda before the blow- 
pipe. (Berzelius.) 


B. In borax and in microcosmic salt, yttria dissolves in large 
quantity, forming a clear bead, which, either by flaming or by supersatura- 
tion with the earth, becomes milk-white merely by cooling. (Berzelius.) 


No other combinations of yttrium are known. 


7 1t has been already stated that the substance commonly called 
Yttria is really a mixture of three distinct salifiable bases ; for the strongest 
of which the name of Yrrrra has been retained, while the other two 
have received the names of Erpra and Trerpra. The mode of separat- 
ing these substances is as follows: 

When ammonia is added by small quantities at a time to a solution 
of ordinary yttria in hydrochloric acid, and the precipitate produced by 
each addition is separately collected, washed, and dried, basic salts are 
obtained, the last of which are colourless, and consist of pure yttria. And 
proceeding from these last in the reverse order, we find that the precipi- 
tates become reddish and nearly transparent, and contain a larger and 
larger quantity of terbia, or oxide of terbium, while the first formed pre- 
cipitates contain the largest quantity of erbia, or oaide of erbium, mixed 
however with terbia and yttriaa—When a solution of crude yttria in 
nitric acid is treated in the same manner, and the several precipitates 
separately heated, the first precipitate yields an oxide of a deep yellow 
colour; and the colour of those which follows becomes continually lighter, 
till at length a colourless oxide is obtained, consisting mainly of yttria 
mixed with a small quantity of terbia. In these experiments, it is impor- 
tant that the crude yttria should be perfectly free from iron, uranium, 
&e. It is better, therefore, to precipitate it from the original solution by 
a dilute solution of sulphide of ammonium; and, when the precipitate 
ceases to exhibit a bluish green tinge, to filter the solution, and proceed 
with the filtrate as above. Or better still: to add a portion of free acid 
to the solution of yttria, and then to drop it gradually into a solution of 
binoxalate of potash, stirring constantly, till the precipitate no longer 
redissolves. In a few hours a precipitate is deposited: this must be 
separated by filtration, and the clear liquid again treated with binoxa- 
late of potash, as long asa precipitate continues to form. The filtrate, on 
being neutralized with an alkali, yields a small quantity of nearly pure 
oxalate of yttria. The precipitates first, obtained are crystalline, and. 
rapidly fall 10 the bottom of the vessel ; whereas the last, which is pulveru- 
lent, is slowly deposited. The first contain the largest quantity of erbia 
mixed with terbia and yttria; the next, chiefly terbia contaminated with 
erbia and yttria; and the last, nearly pure yttria. The first precipitates 
are always reddish; the last colourless, Ifthe mixture of the earths be 
precipitated by an oxalate, and the precipitate digested in very dilute 
sulphuric acid (1 part acid to 49 parts water), the acid first dissolves 
out the yttria, properly so called; and on treating the residue with suc- 
cessive portions of fresh acid, the quantity dissolved becomes less and 
less; and at the same time, the undissolyed portion becomes more 
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and more yellow by calcination. When the yttria has been thus removed, 
the residual oxalate is to be washed and ignited; the earth which remains, 
dissolved in nitric acid; and the solution—which should not be too dilute 
—mixed to saturation with pounded sulphate of potash. By this means 
the erbia is precipitated in the form of a double sulphate of erbia and 
potash, which is nearly insoluble in water saturated with sulphate of 
potash, but dissolves easily in pure water. The double sulphate of terbia 
and potash remains in solution. The liquid having been filtered, and 
the precipitate washed, the sulphate of erbia and potash may be dis- 
solved in water, and the erbia precipitated by caustic potash, then washed 
and ignited. The terbia may also be precipitated by treating the filtrate 
with caustic potash. 

Yitria, properly so called, is a colourless earth, milk-white after 
ignition. By contact with a small quantity of a concentrated acid, it 
becomes strongly heated and dissolves, though not so quickly as in dilute 
acids. Its neutral solutions taste sweet at first, afterwards astringent. 
Sulphate of Yttria crystallizes in small, compact, colourless prisms, without 
ihe faintest tinge of amethyst. It retains its water of crystallization at 
temperatures as high as 80° (176° F.); but, when heated over a spirit- 
lamp, it loses water, and becomes milk-white.—W trate of Yttria is deli- 
quescent; its solution, when highly concentrated, forms a thick syrup, 
which, as it cools, yields lamellated crystals —Chloride of Yttrium is not 
volatile. A solution concentrated to the consistence of a syrup yields, 
by spontaneous evaporation, a radiated mass of crystals, which slowly 
deliquesce in the air. | 

Terbia, or Oxide of Terbium, has not yet been obtained in a state of 
perfect purity. Its behaviour with acids is similar to that of yttria. Its 
salts have a saccharine and astringent taste. In the solid state, they have 
an amethyst colour, which, however, is not constant.—Sulphate of Terbra 
forms crystals larger than those of sulphate of yttria; they effloresce at 
about 50° (122° F.), becoming milk-white, but not falling to powder. 
Nitrate of Terbia: The solution, when evaporated, almost always acquires 
a reddish tinge before it begins to crystallize. It solidifies in a radiated 
mass of crystals which have a decided rose-colour, and are not deliques- 
cent. 

Erbia, or Oxide of Erbium, obtained by calcination of the basic nitrate 
or of the hydrate precipitated by potash, is of a deep yellow colour: 
when obtained by calcining the oxalate or the neutral nitrate, its colour 
is much lighter, because it is more finely divided. When ignited in an 
atmosphere of hydrogen, it yields a small quantity of water, and becomes 
colourless. If it be afterwards gently ignited, it recovers its former 
colour, but increases very little in weight. Forms colourless solutions 
with acids. Dissolves in hydrochloric acid without perceptible evolution 
of chlorine.—Sulphate of Hrbia is colourless, has a saccharine taste, and 
crystallizes like the sulphates of yttria and terbia; but it does not efflo- 
resce at 80°, not even when kept at that temperature for a week. 
Nitrate of Hrbia also resembles the nitrates of the other two earths; but 
its solution does not become coloured by concentration,—the radiated 
crystals in which it solidifies are usually colourless, but sometimes have a 
reddish tinge; they are not deliquescent. (Mosander, Ann. Pharm. 48, 
219; Berzelius, Z'raité de Chimie, Paris, 1846, 2, 167—171.) VT 
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Cuapter XI. 


GLUCINUM. 


‘Vauquelin. Glucina. Scher. J. 1, 341; also Crell. Ann. 1798, 2, 422; 
also Scher. J. 1, 590. 

Klaproth. Glucina. Beitrdge 3, 215 and 221. 

Berzelius. Glucina. Schw. 15, 296. 

Wohler. Glucinum. /Pogg. 18, 577. 

C. G. Gmelin. Glucina. ogg. 50,175. 

Count F. von Schaffgotsch. Glucina. Pogy. 50, 188. 

Awdejew. Glucina. Pogg. 56, 101. 


Glycium, Beryllwum. 


History. Vauquelin discovered Glucina in 1798. Wohler and 
Bussy, in 1828, succeeded in obtaining the metal from it. 


Sources. Rare; found pure, as silicate of glucina, in Phenakite, and 
together with other silicates, in Beryl, Euclase, Leucophane, Chryso- 
beryll, Helvite, and in several varieties of Gadolinite. 


Preparation.—1. Fromthe chloride of glucinum, by means of potassium, 
exactly in the same manner as yttrium. (Wohler; IIL, 282.) Bussy 
adopts a similar method. (J. Chim. med. 4, 455: also Schw. 54, 241.)— 
2. When Becquerel exposed a concentrated solution of chloride of glucinum 
mixed with a small quantity of protochloride of iron, to the influence of the 
electric current, in the same way as the chloride of magnesium (IIL, 222); 
glucinum contaminated with iron was first deposited—and afterwards the 
pure metal, in brilliant, steel-grey, crystalline laminw.—3. Vapour of 
potassium passed over glucina in a platinum tube, at a white heat, yields 
a mixture of potash, glucina, and a dark-coloured substance having the 
metallic lustre; this, when heated in the air, assumes an earthy appear- 
ance; and when put into water, slowly evolves hydrogen gas, and is 
converted into glucina. (H. Davy, Gilb. 37, 186.)—4. Potassium behaves 
with the double fluoride of glucinum and potassium, just as with the 
corresponding yttrium compound. (Berzelins.) 
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Properties. Dark grey powder, receiving a metallic lustre under the 
burnisher; very difficult of fusion. (Wohler.) Black mass, interspersed 
with shining points. (Bussy.) Steel-grey scales. (Becquerel.) 

The atomic weight of glucina, assumed by Berzelius to be = 25:7 
(whence that of glucinum would of course be 17-7), has been reduced, in 
accordance with the more recent investigations of Awdejew, to half that 
amount, or still later, to 12647: hence the atomic weight of glucinum 
must be 4°647, or in round numbers = 4°7, 


Compounds of Glucinum. 
GLUCINUM AND OXYGEN. 
Guuctna. GO. 


Oxide of Glucinum, Glycinerde, Beryllerde, Smaragderde, Susserde, 
Glycine. 


Formation. Glucinum does not attract oxygen from the air at ordi- 
nary temperatures; but when ignited, it burns with vivid combustion, and 
forms a white earth; in oxygen gas, the combustion is most splendid; 
the resulting earth shows no trace of fusion. If the glucinum contains 
any hydrate of glucina, a flame is visible on burning it in oxygen, arising 
from the hydrogen gas set free. (Wohler.) According to Bussy, glucinum, 
when heated in an open vessel, is converted into glucina; but the oxida- 
tion is difficult and takes a long time. Glucinum remains unchanged in 
water, either cold or boiling, and also in solution of ammonia; but in cold 
dilute nitric acid, it dissolves, with evolution of nitric oxide; in warm 
oil of vitriol, with evolution of sulphurous acid; and in dilute sulphuric 
or hydrochloric acid, as also in a solution of caustic potash, with 


evolution of hydrogen gas. (Wéhler.) 


Preparation.—1. Vauquelin fuses 1 part of finely divided beryl with 
3 parts of hydrate of potash (or carbonate of potash or soda, at a higher 
temperature); digests the mass with dilute hydrochloric acid; evaporates 
to dryness; heats the residue with water containing hydrochloric acid; 
filters the liquid from the silica; precipitates the hydrates of glucina and 
alumina (together with oxide of iron) from the filtrate by ammonia; 
washes the precipitate, and dissolves it in sulphuric acid; mixes the 
solution with sulphate of potash; suffers the alum which forms to erystal- 
lize out; supersaturates the mother-liquor—containing the whole of the 
glucina, together with a portion of alumina—with a very large quantity 
of carbonate of ammonia; keeps the mixture for some days in close 
vessels, frequently shaking it up; filters the solution—which contains 
carbonate of glucina dissolved in the excess of carbonate of ammonia— 
from the hydrate of alumina and sesquioxide of iron; boils the filtrate till 
the carbonate of ammonia is expelled, and the carbonate of glucina preci- 
pitated; collects the latter on a filter; washes it thoroughly; and ignites it 
to drive off carbonic acid. It is best to add ammonia after boiling the 
solution in carbonate of ammonia; because, during the boiling, the glucina 
may have been partially redissolved, in consequence of the ammoniacal 

salts contained in the liquid being decomposed | 


b 
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2. Berzelius fuses the beryl with 3 parts of carbonate of potash; pro- 
ceeds in the same manner as Vauquelin; but (without first removing the 
greater part of the alumina in the form of alum) digests the hydrates of 
alumina and glucina precipitated by ammonia, while they are still moist 
and freshly precipitated—with excess of an aqueous solution of carbonate 
of ammonia, frequently agitating the mixture; then filters and boils. 

3. Berthier makes a mixture of equal parts of powdered beryl and 
marble; compresses it strongly into a crucible; heats it in a blast- 
furnace; takes it out as soon as it is well fused (otherwise the crucible 
itself would be attacked); reduces the mass to fine powder; digests it in 
hydrochloric acid, whereby the silica is separated in the gelatinous state; 
and proceeds with the filtrate as in the first and second methods. Or he 
dissolves the mixed hydrates of glucina and alumina (also containing 
sesquioxide of iron) in potash; filters from the oxide of iron; slightly 
supersaturates the filtrate with hydrochloric acid; precipitates both the 
earths with ammonia; washes them thoroughly; dissolves them in an 
aqueous solution of sulphurous acid; and boils the clear liquid till the 
excess of acid is expelled. The sulphite of alumina separates, while the 
sulphite of glucina remains dissolved, and may then, after filtration, be 
precipitated by ammonia. (Ann. Chim. Phys. 50, 371.) 


Properties. Soft, light, very bulky, white powder, of specific gravity 
2:967 (Ekeberg); neither hardening nor shrinking by heat; fusible only 
at the highest temperatures that can be produced. (H. Davy.) Tasteless; 
adheres strongly to the tongue. 


Calculation, according to Awdejew. 


Le SAS fate As] + vighhaete 37°01 
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Decomposition. At a white heat by potassium; and in the presence 
of iron, by charcoal also, 


Combinations. a. With water: HypratE oF Giucina.—Obtained 
by precipitating a soluble salt of glucina by an alkali. The hydrate 
precipitated by ammonia perfectly resembles the hydrate of alumina 
while moist, but is reduced to a white powder when dry. When strongly 
heated, it parts with its water; without, however, becoming incandescent. 
(Count Schaffgotsch.) 


Calculation. Or? Dried at 100°. Shaffgotsch. 
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b. With acids, forming the Guucrna-saurs.—Glucina after ignition 
dissolves slowly but completely in acids; the hydrate dissolves with ease. 
The affinity of glucina for acids is less powerful than that of the alkalis, 
or of magnesia and yttria; but the hydrate of glucina, when boiled with 
ammoniacal salts, decomposes them and replaces the ammonia in the 
solution. (Berzelius.) The salts of glucina are colourless, unless the 
acid itself is coloured. Most of them are soluble in water. Those 
which are soluble have a sweetish, rough taste, and redden litmus. They 
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lose their acid on ignition, unless it is incapable of volatilization. From 
the solution of a glucina-salt, caustic ammonia, potash, or soda throws 
down the hydrate, as a bulky floculent precipitate. Alkaline sulphides 
act in the same manner, evolving sulphuretted hydrogen. The precipi- 
tated hydrate is re-dissolved by excess of potash or soda, from which 
solution sal-ammoniac again precipitates it. Ammonia in excess does not 
dissolve it. The alkaline earths, and likewise magnesia and yttria, throw 
down glucina in the form of hydrate. The normal carbonates and bicar- 
bonates of potash and soda throw down a bulky precipitate of carbonate 
of glucina, soluble in a large excess of the alkaline carbonates. Carbonate 
of ammonia produces a similar result; but a much smaller quantity of it 
is sufficient to re-dissolve the precipitate. (Vauquelin.) Carbonate of 
baryta partially separates glucina by digestion, but almost completely on 
boiling. (Awdejew.) Ordinary diphosphate of soda throws down from 
the salts of glucina a white floculent precipitate. The salts mixed warm 
with fluoride of potassium till a precipitate just begins to appear, deposit, 
on cooling, crystalline scales of a difficultly soluble double salt. ( Berzelius.) 
Ferrocyanide of potassium produces no change at first, but the liquid 
becomes gelatinous after a while. (H. Rose.) Alkaline succinates give 
a white precipitate with salts of glucina. Tincture of galls throws down 
yellow flakes from solutions of glucina-salts. (Vauquelin.) 

The salts of glucina are not precipitated by hydrosulphuric acid, sul- 
phate of potash, hydro-fluosilicic acid, carbonate of lime (Von Kobell, 
J. pr. Chem. 1, 92), oxalic acid, alkaline oxalates and tartrates, or by ferri- 
cyanide of potassium. The statement of Persoz (Chim. Moleculaire 
388) that the salts of glucina are precipitated by heating with acetate 
of soda, is not confirmed by the author’s experiments, at least in 
the case of the chloride of glucinum. 


c. With Potash and Soda. 


GLUCINUM AND CARBON. 


CarBoNnate or Giucina.—Hydrate of glucina absorbs carbonic acid 
when exposed to the air. (Vauquelin.) The salt is precipitated : 
1. When the double carbonate of glucina and ammonia is heated.— 
2. When a salt of glucina is decomposed by an alkaline carbonate not 
added in excess. Prepared by the first method, it is granular, and falls 
rapidly to the bottom of the vessel (Berzelius); when prepared by the 
second, it is bulky. (Count Schaffgotsch.) Soft and unctuous to the touch; 
tasteless. Gives up its carbonic acid when ignited; not perceptibly 
soluble in aqueous carbonic acid, but readily dissolved by alkaline car- 
bonates. (Vauquelin.) Dissolves when boiled in aqueous solutions of 
ammoniacal salts, carbonate of ammonia being set free. (Berzelius.) 


Calculation. Schaffgotsch. 
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GLUCINUM AND PHOSPHORUS. 


A. Puospnipe or Griucinum.—Glucinum heated in vapour of phos-’ 
phorus burns with a bright flame and forms a grey powder, which, on the 


addition of water, evolves spontaneously inflammable phosphuretted hydro- 
gen. (Wohler.) 


B. Hyporuosrurte or Giucina.—An aqueous solution of hypophos- 
phorous acid is saturated in the cold with hydrate of glucina, and the 
filtrate left to evaporate in vacuo over oil of vitriol. A thick viscid mass 
remains, which, when exposed to the air, dries up to a hard substance 
having a conchoidal fracture. (H. Rose, Pogg. 12, 86.) 


C. Puospurre or Guiuctna.—Phosphite of ammonia gives with chlo- 
ride of glucinum a white precipitate, which, on being heated in a retort 
after drying, becomes incandescent and evolves hydrogen gas free from 
phosphorus. (H. Rose, Pogg. 9, 40.) 


 D. Puospnate or Giucina.—a. Diphosphate—Formed by precipi- 
tating a salt of glucina with excess of ordinary diphosphate of soda. 
White viscid precipitate, fusing before the blowpipe to a clear bead, 
which remains transparent after cooling. Insoluble in water, but dissolved 
by aqueous acids, including phosphoric acid. (Vauquelin.) 

b. The acid phosphate is obtained by dissolving the neutral salt in 
an aqueous solution of phosphoric acid. 


GLUCINUM AND SULPHUR. 


A. SuLpupe or Griucinum.—Glucinum heated with sulphur tili the 
latter is completely volatilized, combines with it—giving rise to vivid 
combustion—and forms a grey, unfused mass, which dissolves in water 
very slowly, without any escape of hydrosulphuric acid, but evolves 
that gas in abundance when treated with aqueous acids. (Wohler.) Sul- 
phate of glucina decomposed at a red heat with hydrogen or hydrosul- 
phuric acid gas, does not yield any sulphide of glucinum, but only pure 
glucina. (Wohler.) On heating glucina with sulphur, the earth remains 
behind undecomposed. (Vauquelin.) 


B. Suneuire or Giuctina.—Hydrate of glucina is very soluble in 
sulphurous acid, and is not precipitated on boiling the solution (this 
character distinguishes it from alumina). (Berthier, Ann. Chim. Phys. 
50, 871.) 


C. SunpHate or Guuctna.—a. Sexbasic Sulphate.—A concentrated 
solution of normal sulphate of glucina is digested with freshly precipitated 
carbonate of glucina; the resulting solution filtered from salt 6 without 
adding any water; and the filtrate afterwards mixed with water : sexbasic 
sulphate. of glucina is then precipitated, while the disulphate remains in 
solution. White powder, leaving 53:2 per cent. of glucina after ignition. 
(Berzelius. ) According to Awdejew, it consists of 6GO, SO°+ 3Aq. 

b. Trisulphate—Formed during the above-mentioned digestion; dries 
up to a transparent, gummy mass, hard and brittle in the cold, but becom- 
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ing soft at 100°; when strongly heated, it is converted into a spongy, 
shining mass, no longer soluble in water. (Berzelius.) | 

c. Disulphate.—Obtained in the preparation of the salt a. Soluble in 
water. (Berzelius.) 3 | 


Trisulphate. Berzelius. | . 

BOO cet renter sitenieee > BBL) a. (94898. eee 49°6 

PU be acs nti iccee toate 40°O . 2...) (D122 4 eee 50°4 

51 10 Rei 0) Beta k copay 7851 os. G100:00 rere: 100:0 
Disulphate. Berzelius. 

v4 ad elie Rae ipa ADE, besarte ae as ces 39°07 

= Ogle bak Me. ta ee en A LOPS Le OE Fee ne oe 60°93 

2G0. SO* oy te 65°4 .... 100°00 St 100°00 


d. Monosulphate.—Glucina is dissolved in excess of sulphuric acid, 
and the excess of acid removed by evaporation and subsequent washing 
with alcohol. (Berzelius.) The crystalline powder thus obtained is dis- 
solved in hot water, and yields, on cooling, tolerably large, hydrated, square- 
based octohedrons (/%g. 23), with the lateral summits slightly truncated; 
e:¢'= 122° nearly. The crystals effloresce at a temperature above 40°; 
when strongly heated, they lose water and swell up like alum. By ignition, 
the whole of the acid is driven off, partly undecomposed, partly resolved 
into sulphurous acid and oxygen gas. The residue consists of pure glucina, 
which however dissolves with great difficulty in sulphuric acid, and is 
almost insoluble in hydrochloric acid. (Awdejew.) The salt is very solu- 
ble in water; the solution reddens litmus, and, when concentrated, is of 
the consistence of syrup. (Berzelius.) On evaporation, the salt is depo- 
sited as a crystalline powder, without yielding a gummy mass. (Awdejew.) 


~~ Anhydrous. Berzelius. 
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Hydro-sulphocarbonate of potash gives no precipitate with chloride 
of glucinum, (Berzelius.) 


GLUCINUM AND SELENIUM. 


A. SELENIDE or GLtuctnum.—Formed on fusing together selenium and 
glucinum. ‘The combination is attended with vivid combustion, and the 
product is a fused, brittle mass, grey and crystalline on the fractured 
surface. It dissolves slowly in water, without however undergoing de- 
composition; the solution soon becomes red from separation of selenium. 
(Wohler.)—The double selenide of hydrogen and ammonium gives a 
flesh-coloured precipitate with salts of glucinun. (Berzelius.) 


B. SELENITE OF Guvctna. a. Monoselenite. — White insoluble 


powder, which parts with the whole of its acid at a red heat. 


6, Biselenite—A gummy mass, soluble in water. (Berzelius.) 
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GLUCINUM AND [ODINE. 


Iop1pE or Guucinum.—Glucinum, heated in vapour of iodine, takes 
fire and yields a sublimate of iodide of glucinum in colourless needles, 
which are fusible and very volatile, and dissolve in water with great ele- 
vation of temperature. (Wohler.) 


GLUCINUM AND BROMINE. 


BRromIDE oF Guuctnum.—Glucinum burns in vapour of bromine on 
the application of gentle heat, forming bromide of glucinum, which sub- 
limes in long, colourless, fusible, very volatile needles, dissolving in 
water with great evolution of heat. (Wohler.) 

Hydrated bromide of Glucinum, or Hydrobromate of Glucina.—A 
solution of glucina in aqueous hydrobromic acid, evaporated to a small 
bulk and left to itself for a considerable time, yields small crystals, ap- 
parently of a cubical form, very deliquescent, and resolved by heat into 
hydrobromic acid gas and glucina. (Berthemot, Ann. Chim. Phys. 44, 
394.) 

Glucina diffused in water and treated with excess of bromine, is dis- 
solved in small quantity, but does not form a bleaching liquid—bromate 
and hydrobromate of glucina being the only products. (Balard.) 


GLUCINUM AND CHLORINE. 


CHLORIDE oF GLuUcINUM.—Glucinum slightly heated in chlorine gas 
burns with a brilliant light, and forms chloride of glucinum which sublimes 
in a crystalline form, (Wohler.)—The compound may be formed by pass- 
ing dry chlorine gas over an ignited mixture of glucina and charcoal. 
(H. Rose, Pogg. 9, 39.) Wohler introduces the mixture of glucina and 
charcoal into a glass tube, and this again into a tube of porcelain. Bussy 
(J. Chim. Med. 4, 455) ignites a mixture of glucina with sugar and starch 
in a covered crucible, and exposes the carbonized mass to the action of 
chlorine in a red-hot porcelain tube. As the glucina frequently contains 
sesquioxide of iron, the chloride of glucinum becomes contaminated with 
sesquichloride of iron. Bussy purifies it from this substance by distilla- 
tion in a glass tube. The chloride of glucinum sublimes, and adheres to 
the colder parts of the tube in silky needles and flakes, either thickly - 
interwoven, or caked together in a dense mass. (Rose, Wohler.) Ata 
gentle heat, it fuses and forms a brown liquid, which, on raising the tem- 
perature, again sublimes in colourless needles. (Rose.)—When gently 
heated with potassium, it is decomposed, with vivid combustion. (Wohler, 
Bussy.) — 


Calculation. Awdejew. 
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Hydrated Ohloride of Glucinum or Hydrochlorate of Glucina.—Chlo- 
ride of glucinum dissolves in water, with considerable elevation of tempe- 
rature and a hissing noise; it also deliquesces very rapidly in the air. 
(Rose, Wéhler, Bussy.) The solution is almost perfectly transparent, the 
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chloride dissolving completely, with the exception of the portion which 
was in contact with the glass tube when softened by heat; this portion, 
when digested in water, deposits a small quantity of glucina in flakes. 
(Awdejew.)—A solution, similar in all respects, is obtained by dissolving 
glucina in aqueous hydrochloric acid. On evaporation, it yields an indis- 
tinct mass of crystals (Vauquelin), which, according to Awdejew, consist 
of GCl+4Aq. Ata red heat, they part with hydrochlorie acid and leave 
pure glucina. (Berzelius.) They are readily dissolved by water and alco- 
hol, and do not (?) deliquesce when exposed to the air. (Vauquelin.) | 

When a saturated solution of glucina in hydrochloric acid is evapo- 
rated to dryness, a gummy mass remains, containing 49°135 parts (2 At.) 
of glucina and 50°865 parts (1 At.) of hypothetically anhydrous muri- 
atic acid. A still more basic compound is precipitated in white flakes by 
boiling an aqueous solution of the above, either alone or with hydrate 
of glucina,—or on mixing the cold solution with a quantity of ammonia 
insufficient for complete saturation. (Berzelius.) 


GLUCINUM AND FLUORINE. 


FLvuoRIDE oF GuLucINUM and HyprorivuaTtE oF GLucINA.—A solu- 
tion of glucina in aqueous hydrofluoric acid dries up to a colourless, trans- 
parent, gummy mass, which remains clear below a temperature of 60°; 
gives off water at 100°, becoming milk-white and then swelling up like 
alum; and loses part of its acid at a red heat, unless all the water has 
been previously expelled. It dissolves easily in water after being heated. 
The solution tastes less sweet than that of any other salt of glucina. 
Fluoride of glucinum forms double salts with the alkalis. (Berzelius, 
dogg.’ 1, 22.) as 


GLUCINUM AND NITROGEN. 


A. Nirrate or Giucina.—Uncrystallizable. Obtained by evapo- 
ration, as a tenacious elastic substance, or in the form of a white powder. 
Its taste is very sweet at first, but afterwards astringent. It fuses 
readily, first becoming basic, and then losing the whole of its acid. Both 
water and alcohol dissolve it with great ease; it is likewise deliquescent. 

(Vauquelin.) | | 


B. CarBonate oF Giucina AND AmMontA.—Carbonate of glucina 
dissolves largely in an aqueous solution of carbonate of ammonia. 
Colourless liquid, decomposed either by heat, or by the addition of an 
acid. (Vauquelin.) The hydrate of glucina precipitated by ammonia 
dissolves very easily in aqucous solution of carbonate of ammonia (C. 
Gmelin); but ignited glucina, even when digested for months in carbo- 
nate of ammonia, is but very sparingly dissolved. (Count Schaffgotsch.) 
Glucina, precipitated by heat from a solution in potash, is likewise nearly 
insoluble in carbonate of ammonia. (C. Gmelin.) . 


GLUCINUM AND Porassium. 


A. Guucina AND Porasu.—The hydrate thrown down from a salt 
of glucina by ammonia, and washed either with hot or cold water, dis- 
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solves readily in solution of potash: so likewise the hydrate, precipitated 
by a small quantity of potash, is immediately redissolved on adding an 
excess of the reagent. (C. Gmelin.) Carbonate of glucina deposited on 
boiling a solution of that salt in carbonate of potash (C. Gmelin) or in 
carbonate of ammonia (Count Schaffgotsch), behaves in a similar manner. 
But glucina precipitated from a solution in potash by boiling, and then 
washed, is no longer dissolved by a cold solution of potash, unless it be 
first dissolved in an acid and reprecipitated by ammonia. (C. Gmelin.) 
The earth, when separated from a solution in potash by boiling, and 
then thoroughly washed with boiling water, is readily soluble in cold 
solution of potash. (Count Schaffgotsch.) 

A solution of glucina in concentrated caustic potash remains clear 
after boiling; a weaker solution deposits a portion of the glucina on 
boiling ; and if the liquid is very largely diluted, the whole of the glucina 
is separated, even below the boiling point. (C. Gmelin.) If a solution 

in somewhat concentrated caustic potash becomes turbid after continued 
- boiling, an addition of water will produce a precipitate; when the liquid 
is somewhat dilute, the precipitation by boiling is almost complete: but 
if the dilution is carried beyond a certain point, the liquid must be boiled 
for a considerable time, to effect a perfect separation of the glucina. 
The earth precipitated by boiling is but very slightly redissolved as the 
liquid cools; if, however, only a few flakes are deposited, they are dis- 
solved again as the liquid cools, and reappear on boiling; and this effect 
may be repeated again and again. (Count Schaffgotsch.) Acids and 
ammoniacal salts precipitate the glucina; the former, however, if added 
in excess, dissolve it again. 


B. Carponate or Griucina AND Porasn.—Carbonate of glucina is 
dissolved by an aqueous solution of carbonate of potash. But. glucina 
precipitated from its solution in potash by boiling (C. Gmelin), and 
likewise ignited glucina (Schaffgotsch), are insoluble in carbonate of 
potash. The solution obtained by supersaturating chloride of glucinum 
- with carbonate of potash, deposits less glucina on boiling, in proportion 
as it is more concentrated; but even when largely diluted, it does not 
deposit the whole of the earth. The precipitate, after thorough washing— 
an operation attended with difficulty, because the precipitate fills up _ 
the pores of the filter—consists of pure hydrate of glucina, free from 
potash and carbonic acid, but perfectly soluble in cold solution of potash; 
it is therefore different from the hydrate precipitated from a solution in 
caustic potash by boiling. (C. Gmelin.) The liquid mixed with a mode- 
rate quantity of any acid deposits carbonate of glucina. 


C. Sunpuatr or Guucina AND Potasu.—When an aqueous solution 
of 14 parts (1 At.) of sulphate of potash, and 15 parts (rather more than 
1 At.) of crystallized sulphate of glucina is evaporated at a gentle heat, 
the double salt is deposited in the form of a crystalline crust. The excess 
of sulphate of glucina is removed by cold water. The evaporation must 
be stopped before the liquid becomes turbid; or else the double salt will 
be decomposed, and the whole will solidify on cooling, to an easily soluble 
mixture of the two simple salts. The double salt dissolves in water very 
slowly, but in considerable quantity. At a red heat, it is but partially 
decomposed, so that water dissoives the sulphate of potash, together 
with a portion of the sulphate of glucina, leaving a residue of pure glu- 

cina. (A wdejew.) 


$ 
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D. Fiuoripe oF GiuciInuM AND Potassium, and HypROFLUATE OF 
GuuciInA AND Potasu.—1. On mixing chloride of glucinum with excess 
of fluoride of potassium, a gelatinous precipitate is formed; and when this 
precipitate is dissolved in hot water and the solution cooled, the salt is 
obtained in small scaly crystals. (Berzelius.)—2. A solution of glucina in 
aqueous hydrofluoric acid mixed with a solution of fluoride of potassium, 
yields, on evaporation, similar scaly crystals, which may be purified by 
recrystallization. (Awdejew.) The crystals are anhydrous, decrepitate in 
the fire, and dissolve with difficulty in water (Awdejew); much more 


freely in hot than in cold water. (Berzelius.) Gay-Lussac & Thénard © 


originally regarded this salt as hydrofluate of glucina. 


Crystallized. Awdejew, 
BS alvasa dinaavaeen oie Pi ho Ania oP LN 4 be a6 47°49 
Lega ras tae 4°7 DES eee, 5°75 
21, cist’ 37°4 46°00 
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GLUCINUM AND SoDIUM,. 


A. GLUCINA AND Sopa,—Hydrate of glucina dissolves in solution 
of caustic soda. . 


B. CarponatE or Giucina anp Sopa.—Carbonate of glucina dis- 
solves in an aqueous solution of carbonate of soda. 100 parts of ignited 
glucina, fused for an hour and a half with excess of dry carbonate of 
soda, do not expel more than from &-73 to 9°53 parts of carbonic acid ; 
on the addition of water, 2 of the earth remains undissolved: the portion 
- which is taken up is gradually precipitated by the carbonic acid of the 
air. (Count Schaftgotsch.) Before the blowpipe, glucina behaves with 
carbonate of soda, borax, and phosphate of soda and ammonia, in the same 
manner as yttiia. (Berzelius.) 


GLUCINUM AND Liruivm. 


Glueina is but very slightly soluble in an aqueous solution of carbo- 
nate of lithia. (C. G. Gmelin.) 


Glucinam likewise combines with iron. 
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CHAPTER XII. 


ALUMINUM. 


Marggraf. Schriften, 1, 199, 212 and 226. 

Bergman: De confectione aluminis. Opusc. 1, 279. 

Scheele: De silice, argilla et alumine. Opusc. 2°67; also Crell. NV. Entd. 
3, 174. 

Theodore yon Saussure. Alumina. J. Phys. 52, 290; also Scher. J. 7, 
444, 

Clement & Desormes, and Thénard & Roard. Alum. Ann. Chim. 57, 
327 and 59, 58, also WV. Gehl. 2, 364. 

Wohler. Aluminum and Chloride of Aluminum, Pogg. 11, 146. 

Liebig. Aluminum and Alumina. Ann. Pharm. 17, 48. 


Alumium, Aluminium. 


History. Alum, which was probably known to the ancients (unless, 
indeed, by alwm they understood a certain kind of vitriol), and, till the 
fifteenth century, was brought to Europe from the east, was regarded, even 
in the times of the Alchemists, as a compound of sulphuric acid with an 
earth. Stahl and others mistook this earth for lime; Geoffroy, in 1728, 
pointed out its existence in clay; and Marggraff, in 1754, proved it to 
be a substance having a separate existence and peculiar characters. 
Oerstedt (Ferussac, Bull. d. Sc. Mathem. §c. 1826, 275) showed how to 
prepare chloride of aluminum; and from this compound, Wohler suc- 
ceeded in eliminating the metal. 


Sources. Next to silicium, aluminum is the most abundant of the 
light metals. It is found as pure alumina, hydrate of alumina, sulphate, 
and phosphate (sometimes mixed with other sulphates and phosphates), 
as silicate (either alone or combined with other silicates, in a vast number 
of minerals), and as mellitate of alumina; or in combination with glucina, 
magnesia, oxide of zine, oxide of lead, and protoxide of iron; also as 
double fluoride of aluminum and sodium; and in yery small quantities 
in plants, but not in animals. ~ 

Preparation. Hight or ten globules of potassium, of the size of peas 
and free from naphtha and carbonaceous matter, are placed at the bottom 
of a porcelain crucible, and upon them is placed an equal volume of 
chloride of aluminum. The cover is then fastened: down with a wire, 
and the crucible heated over the flame of a spirit-lamp, gently at first, but 
more strongly after the mass has become red-hot. Potassium containing 
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carbon imparts this impurity to the aluminum. The potassium should 
not be in excess; because, in that case, on subsequently treating the mass 
with water, potash would be formed, and would cause the aluminum to 
be oxidized by the water. If too much chloride of aluminum is used, 
part of it volatilizes during the combustion. The crucible, which contains 
a blackish grey, almost perfectly fused mass, is allowed to get perfectly 
cold, and is then thrown into a large glass filled with cold water, so that 
no rise of temperature may take place. The chloride of potassinm and 
the remaining chloride of aluminum then dissolve, with slight evolution 
of foul-smelling hydrogen gas; the solution is decanted from the grey 
pulverulent aluminum; and the latter is thrown on a filter, washed with 
cold water, and dried. (Woéhler.) From the intense heat developed 
during this process, a large quantity of the chloride of aluminum is-lést 
before decomposition, partly by volatilization and partly by. projection, 
especially if a platinum crucible is used. (Liebig.) | 

2. A very thin glass tube, from three to four lines in diameter, is 
slightly bent at about an inch from the sealed end; this portion of the 
tube is filled with chloride of aluminum; and two or three globules of 
potassium of the size of peas are introduced into the horizontal partand 
pushed up near to the bend by means of a glass rod. The ohiee! | 
aluminum is then heated gently, so that its vapour may slowly pass c 
the potassium, which immediately combines with the chlorine and beco 
red-hot. Fresh globules of potassium are pushed in from time to tin 
and the process continued till the chloride of aluminum has entirely d 
appeared. The tube is then broken; the pieces thrown into a large 
quantity of cold water; and the aluminum washed, first with cold water, 
and afterwards with strong alcohol. The whdlewf the potassium required 
may also be introduced at first: in this case,’ db 
the other. A thick glass tube is apt to cra 
mences. As the moist aluminum soon lo | 
exposed to the air, the final washing is best p ied with alcohol. (Lie- 
big.)—Sir H. Davy (Gilb. 37, 186), by passing*vapour of potassium over 
alumina at a white heat, obtained small grey particles interspersed with 
aluminate of potash. 


Properties. Grey powder, resembling finely divided platinum, with 
shining tin-white points here and there. The powder likewise becomes 
tin-white under the burnisher, and may be compressed in an agate 
mortar into larger scales, having the metallic lustre, much whiter than 
yttrium, and apparently somewhat ductile. In close vessels, it does not 
fuse on exposure to the heat of a, blast-furnace sufficient to melt cast-iron; 
but becomes darker and less oxidable: “When placed in the state of 
powder as a connector between a pair of hydro-electrical plates, it does 
not conduct the electricity. (Wohler.) After fusion into a mass, it con- 
ducts electricity. (Tod Thomson, Phil. Mag. J. 7, 441.) 


Compounds of Aluminum. 


ALUMINUM AND OXYGEN. 
Auumina, Al0?, 


Oxide of Aluminum, Alumine, Thonerde, Alaunerde.—Found native . 
and almost absolutely pure, in Sapphire, Ruby, and Corundum. Br. 
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Formation. Aluminum does not change in dry air; but when heated 
to redness, it burns brightly and forms white and tolerably hard alumina; 


when heated in oxygen gas, it burns with a brillianey which the eye can 
scarcely endure, and with so great a degree of heat, that the alumina 


formed by the combustion is partially fused —Aluminum retains its polish 
under cold or lukewarm water; but near the boiling-point, it liberates 
hydrogen gas very slowly, the evolution of gas continuing for some time 


after the liquid has caoled. In solution of potash, even when very dilute, 


it dissolves very readily, liberating hydrogen gas; also in aqueous ammo- 
ma, which, under these circumstances, dissolves an extraordinarily large 
quantity of the alumina produced: similarly, in dilute hydrochloric or 
sulphuric acid. Aluminum is not attacked by cold concentrated nitric 


or sulphuric acid, but dissolves rapidly in hot oil of vitriol, with evolution 


ad ’ 
3 


y 
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of sulphurous acid. (Wéhler.) 


Preparation.—1. Berzelius precipitates a hot solution of alum free 
from iron with excess of carbonate of potash or soda, and digests the 
precipitate with it for some time, in order to decompose the basic sul- 
phate of alumina which is at first precipitated. He then washes the pre- 
cipitate thoroughly to free it from adhering alkaline carbonate; dissolves 
it in hydrochloric acid; filters the solution, if not perfectly clear; pre- 
eipitates the hydrate of alumina by ammonia; and lastly, ignites it.— 
2. Bucholz (Beitrdge, 1,74) precipitates the alum solution with excess of 
carbonate of soda; dissolves the washed precipitate in hot dilute nitric 
acid; throws down the hydrate of alumina by a second addition of carbo- 
nate of soda; and ignites it, after thorough washing with water.—By 
precipitating alum with ammonia, a basic sulphate of alumina is obtained. 
—8. Liebig mixes a solution.of alum, free from all traces of iron, with 
excess of chloride of barium; evaporates the filtrate to dryness; ignites 
the residue; and dissolves out the chlorides of barium and potassium by 
means of water acidulated with hydrochloric acid.—4. Gay-Lussac (Ann. 
Chim. Phys. 5, 101) decomposes ammonia-alum by ignition: it must 
however be perfectly free from potash alum. 7 


Properties. The sapphire, ruby, and corundum form crystals belong- 
ing to the rhombohedral system. Primitive form: a rather acute’ rhom- 
bohedron (ig. 151; also Fig. 181, 182, 185, 187, 158, and other forms); 
Bei SO cee 8 TOL r= 98° 22 59S 7 Ore Se boo ou. (eae. |} 
Specific gravity of the ruby = 3°531 (Brisson); of the sapphire = 3:562 
(Muschenbroek); of corundum = 3:944 (Mohs), = 4:009 (Breithaupt). 
The hardest of all known bodies, except the diamond.—Artificially pre- 
pared alumina is white, and after exposure toa low red heat, becomes 
very light and soft to the touch (Bucholz, Liebig); but after strong igni- 
tion it cakes together, emits sparks when struck with steel, and is 
hardly to be scratched by an English file. Its specific gravity, after 
being strongly heated, is equal to 4152, at 4° (39'2° F.) in vacuo. 
(Royer & Dumas.)—Both artificially prepared and native alumina fuse 
at high temperatures more readily than silica, and form a transparent 
glass.—Morveau obtained a white enamel by exposing artificially pre- 

ared alumina to a flame fed with oxygen gas. Sir H. Davy fused it 
in the circuit of a very powerful voltaic battery; Stromeyer, by means of 
Marcet’s blowpipe; Clarke fused, in the oxy-hydrogen blowpipe flame, 
the ruby (which solidified to an opaque white globule), corundum, and also 


artificially prepared alumina, which yielded a yellow transparent glass, 
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Gandin fused artificially prepared alumina (prepared by the fourth — 


method) in the oxy-hydrogen flame, and obtained a transparent and colour- 
less bead of the size of a hazel-nut, and having a cavity containing crys- 
tallized corundum. The fused alumina which remains after the combus- 
tion of aluminum in oxygen gas is yellowish, and cuts glass. (Wohler.) 
Artificial Ruby. First prepared by Gaudin. (Ann. Pharm. 23, 234; 
J. pr. Chem 12, 448.) Thoroughly washed and recentiy precipitated 
hydrate of alumina is spread upon a watch-glass, to about the thickness 
_of the back of a Knife, and moistened with a drop or two of a mode- 
rately strong solution of bichromate of potash. The mass, after being 
well kneaded together, is slowly dried by the heat of a stove, and the cracks 
which appear are carefully filled up with more hydrate of alumina. 
- When the whole is perfectly dry, a piece about an inch long is held by a 
pair of tongs in the oxy-hydrogen blowpipe flame, so that the flame may 


play upon its edge. In the course of a few minutes, transparent globules — 
appear, of the colour of ruby, and hard enough to. scratch quartz and | 


topaz. (Bottger, Ann. Pharm. 29, 85.) Gaudin uses alumina obtained 
by igniting ammonia-alum, and mixes it with a small quantity of oxide 


of chromium: he states that artificial ruby has the colour wrdness, 
density, and cleavage of the native mineral. (Comp. Elsner, J; pr. Chem. 
17, 175.) ‘ | Se . 


Alumina has neither taste nor smell. Its powder, moistened with a 
dilute solution of nitrate of cobalt, and strongly ignited, assumes a beau- 


tiful blue colour,” | 
Calculation. Berzelius. H. Davy. 
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Decomposition. By potassium at a white heat. By carbon in the 
presence of iron.—It is not affected by galvanic electricity, even with the _ 
aid of mercury (H. Davy); or by sulphide of carbon at a red heat, 


(H. Rose.) 


Combinations. a. With water.—HypratE or ALumINA. @. Jfono-. 


hydrate.—Found native as Diaspore.—Diaspore has the form of a trans- 
lucent, crystallinergranular mass, of specific gravity = 3°43. Heated in 


a glass tube, it decrepitates violently, and crumbles into small white, 


brilliant: scales, which evolve water when more strongly heated. (Berze- 
lius.) It does not part with the whole of its water below a temperature 
of 860° (680° F.); consequently, not by boiling with oil of vitriol. 


(Dufrénoy.) It is not. dissolved by boiling hydrochloric acid, which - 


only extracts the ferric oxide mechanically mixed with it. (Hess, Pogg. 
18, 255;—Dufrénoy, J. pr. Chem. 11, 129;—see also Children, Ann. 
Phil, 4, 146.) 7 ; Sey 


Diaspore. Hess. 
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APO?,HO 60°4. .... 100°0 ..... 100°00 


@. Bihydrate of Alumina?—Berthier (Schw. 34, 454) found in a native 
hydrate from Beaux, and Bucholz found in the hydrate precipitated from 


nitrate of alumina by carbonate of soda, 72 per cent. of alumina and 28 — 


of water. 
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tongue, or fall to pieces in water. Like the spongy hydrate, it contains 
59 per cent. of water, of which however it loses only 43 per cent. ata 
red heat, and 49:25 per cent. at a white heat.—According to Berzelius’s 
supposition, this gelatinous hydrate still retains a portion of the acid 
from which the earth has been precipitated, and is therefore a basic salt. 
—HLiebig, on the contrary, found the following results: When a con- 
centrated solution of alum is treated with ammonia, the gelatinous pre- 
cipitate is at first opaque; but by continued washing for a week—during 
which time it constantly yields sulphuric acid to the water—it becomes 
more and more transparent. The precipitate obtained from a dilute solu- 
tion of alum is transparent from the first; and after being washed and 
ignited, yields a horny, dense kind of alumina; the hydrate precipitated 
from chloride of aluminum by ammonia behaves in a similar manner. 
2. Aqueous solution of potash saturated with hydrate of alumina and 
kept in bottles or exposed to the air, deposits a difficultly soluble hydrate, 
which, after being thoroughly washed, is quite free from potash. (V. 
Bonsdorff.) 

Gibbsite is stalactitic, translucent, fibrous, and readily dissolved by 
acids.—The hydrate prepared by the first method is sometimes a white, 
opaque, soft, friable mass, sometimes translucent and coherent; it adheres 
to the tongue, and forms a stiff paste with water. It is only when con- 
taminated with ferric oxide, that it emits a smell of clay when breathed 
upon. Ata red heat, it parts with its water, undergoing a remarkable 
contraction of volume. It is very soluble in acids.—The hydrate pre- 
pared by the second method consists of small crystalline grains, united 
into a crust of warty or lumpy form. It loses water at a red heat. It 
is scarcely soluble in cold sulphuric, hydrochloric, or nitric acid, and is 
very slowly dissolved by boiling hydrochloric acid: hot sulphuric acid, 
however, is a somewhat better solvent. (Bonsdorfl, Pogg. 27, 275.) 


Torrey. Berzelius. Bonsdorff. 


Calculation. Gibbsite. Artif. 1. Artif. 2. 
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Hydrargyllite, which occurs in regular six-sided prisms, is also a hy- 
drate of alumina: its atomic composition is not yet known. (G. Rose, 
Pogg. 48, 564; 50, 656.) 


6. With Acids, forming the Satrs or Arumina. Alumina shows less 
affinity for acids than any of the earths hitherto considered. The sap- 
phire, ruby, and corundum are insoluble in acids. (1., 38.) Artificially 
prepared alumina likewise dissolyes with great difficulty after ignition, 

: x 2 
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—In fine powder, it is slowly dissolved by a mixture of equal parts of oa 


oil of vitriol and water, heated till a portion of the acid evaporates (Ber- 
zelius); it is also slowly dissolved by boiling hydrochloric acid, which 
does not act on powdered sapphire. (H. Rose, Pogg. 52, 595.)—By 
strong ignition with excess of a fixed alkali, even sapphire is rendered 
easily soluble in acids, The ordinary hydrate dissolves without much 
difficulty.—The salts of alumina are not coloured, unless the acid with 
which the earth is combined has a colour of its own. They are for 
the most part soluble in water, and often crystallizable.-—The normal 
salts of alumina contain 3 atoms of acid to 1 atom of base, because 
the latter contains 3 atoms of oxygen—The soluble salts have an acid, 
very astringent, and slightly sweet taste, and redden litmus strongly.— 
Those which do not contain a fixed acid, are decomposed at a red heat, 
the acid béing volatilized or decomposed, and pure alumina left behind. 
Moistened with a dilute solution of nitrate of cobalt and then ignited, 
they yield a residue of a beautiful blue colour (smalt). From the soluble 
salis of alumina, all the alkalis and all the earths hitherto mentioned 
throw down a white, gelatinous, floculent hydrate of alumina; an excess 
of potash or soda redissolves the precipitate, which is again separatec 
on adding sal-ammoniac. A large excess of ammonia dissolves but a 
very small quantity of the hydrate ; sal-ammoniac dissolves none what- 
ever. The normal carbonate, bicarbonate, or hydrosulphate: of ammo- 
nia, potash, or soda—and, according to Fuchs, carbonate of lime also— 


precipitates hydrate of alumina, with evolution of carboni¢ acid or sul-. 


phuretted hydrogen; an excess of the carbonate of ammonia, potash, 
or soda dissolves but a very small quantity of the hydrate, but most 
when the solutions are véry concentrated. Phosphate of soda added 


to a normal salt of alumina, precipitates phosphate of alumina in trans-— 


parent, colourless flakes, soluble in acids or in potash. Concentrated 
solutions of salts of alumina, when mixed with sulphuric acid and potash 
or ammonia, in such proportion that the acid may predominate, yield, 
after a few minutes, crystals of alum. Monotungstate of soda precipi- 
tates the alumina-salts completely. (Anthon.) Mixed with sulphate and 
acetate or formiate of potash at the same time, they become turbid on 


tall 


the application of heat, from formation of a basic double salt, even though — 


free acetic acid may be present. (Liebig.) Ferrocyanide of potassium 
throws down, slowly in the cold, but rapidly with the aid of heat, a white 
mixture—soon changing to green and blue—of hydrocyanate of protoxide 
of iron and hydrate of alumina, hydrocyanic acid being set free at the 
same time. (Ittner.) Alkaline succinates give a precipitate with solutions 
of salts of alumina, when not too dilute; tincture of galls throws down 
yellowish flakes. The salts of alumina are not precipitated by hydro- 
sulphuric acid, hydrofluosilicie acid, oxalic acid, alkaline oxalates, or 
tartrates. 


c. With all the alkalis, and with most of the other earths, Fosaiiiaie a | 


variety of compounds, some of which are found native. These compounds, 
in which the alumina plays the part of a wel & acid, are called Aluminates. 
C- 7 ; ‘ ce gt : . 


ALUMINUM AND CARBON. Ue Sa 


CARBONATE oF ALtummna.—Alkaline carbonates added to a solution 


of any salt of alumina precipitate, not carbonate of alumina, but acom- — 


pound of alumina with a small quantity of the alkaline carbonate. The 
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hydrate is, however, partially soluble in aqueous carbonic acid, and is 
again separated in the form of pure hydrate, on warming the solution or 
exposing it to the air. (Th. Sausgure.) 

4 Muspratt finds that the precipitate produced by carbonate of 
ammonia in a solution of alum is really a carbonate of alumina, and gives 
the following analysis of it. . ; 


Calculation. Muspratt. 
Bees yen fen copes gi doa Exe 44°86 bad 44°82 
Os CAT Se ee 44 ie 12°91 owe 12°19 
LS 3) Se aeons 144 i 42°23 
3A?O%, 2CO0?7,16HO 341 an 100°00 


(Qu. J. of Chem. Soe. 2,216.) 7 


ALUMINUM AND Boron. 


. Borate or Atumina.— a. Sexborate. Formed by precipitating a 
solution of alum with borax. White pearly scales, soft to the touch 
(Beudant); very sparingly soluble in water. 

b. Acid borate. Melts in the fire to a glass; has an astringent taste. 


ALUMINUM AND PHOSPHORUS. 


A. Puospuipe or Atuminum.—Aluminum heated to redness in 
vapour of phosphorus, combines with it, producing a rather vivid incan- 
descence, and forming a greyish-black powder, which, under the burnisher, 
assumes a metallic lustre and dark grey colour; it smells of phosphuretted — 
hydrogen, and, in contact with cold water, slowly evolves this gas Im 
the non-spontaneously inflammable state; more rapidly in hot water... 


(W ohler.) 


B. HyporHosPHite oF Axumina.—An aqueous solution of hypophos- 
- phorous acid saturated with hydrate of alumina in the cold, and evapo- 
rated in vacuo after filtration, leaves a viscid residue, which, in a cold 
atmosphere free from moisture, dries up to a shining, brittle, gummy 
mass, of conchoidal fracture and not deliquescent. Heated in a retort, 
it evolves, first spontaneously inflammable and then non-spontaneously 
inflammable phosphuretted hydrogen gas, and leaves a reddish substance 
behind. (H. Rose, Pogg. 12, 86.) 


C. Puospuire or ALuMINA.—Formed when an aqueous solution of 
-terchloride of phosphorus neutralized with ammonia is precipitated by a 

‘solution of alum.—As long as the quantity of the latter is insuificient, the 
precipitate disappears again on shaking the mixture; the filtrate also yields 
@ copious precipitate when by ed.—White powder, which, on being heated 
in a retort, evolves hydrogsn gas and vapour of phosphorus, and leaves 
a colourless residue. (H. Rose, Pogg. 9, 39.) 


D. Orpinary Puospnate or Axtumina.—a. Diphosphate. This 
appears to be the constitution of Turquoise or Kalaite, which, according 
¢o John’s analysis, must be regarded as 2APO%, PO* + 5Aq, coloured by 
oxide of copper. eae 
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b. Two-thirds Phosphate.—Occurs in the form of Wavellite, Lasionate, 
or Striegisane, in right rhombic prisms, of specific gravity 2°33.—Obtained 
as a white precipitate resembling the hydrate of alumina, but less trans-- 
parent, on mixing a solution of acid phosphate of alumina with excess of 
ammonia,—or a salt of alumina with phosphoric acid or. phosphate of. 
soda, and then with ammonia or acetate of ammonia. The salt imparts 
a bluish-green colour to the blowpipe flame. (Fuchs, Schw. 24, ge 


Wavellite. Fuchs. Berzelius. 
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€ According to Rammelsberg (Pogg. 64, 251 and 405), the gelati- 
nous precipitate obtained on supersaturating a solution of monophosphate 
of alumina in hydrochloric acid with ammonia, is a three-fourths phos- 
phate, having the composition 4AP0*, 3PO°+18Aq. At 100°, three 
atoms of the water are driven off. 4 se 
According to Berzelius (Ann. Chim. Phys. 12, 16; Jahresbericht, 15, 
197), fluoride of aluminum really enters into the composition of Wavellite, 
which he regards as a compound of 3(4A1*0%, 3P0°+18Aq) +APE®. 
Fuchs found no fluorine, and Erdmann (Schw. 69, 154) mere traces. | 
Carbonate of potash withdraws all the phosphoric acid from the.sal 
after long digestion, and likewise dissolves a portion of the alt nina which. 
however, may be again thrown down by passing carbonic acic east 
the liquid. (Vauquelin, Ann. Chim. 96,218; Ann. Chim. Phy 21, 188,),° 
Rammelsberg found, on the contrary, that phosphate of alumina, We & 
not decomposed after fourteen days’ digestion with carbonate of potash, 7 
only of the phosphoric acid being removed, and the basic {-phosphate 
left.—The salt gives up but very little phosphoric acid to aqueous animo- 
nia. It is readily dissolved by solution of potash, and precipitated un- 
changed from that solution by sal-ammoniac. Lime-water or chloride of 
calcium separates the whole of the phosphoric acid in the form of phos- 
phate of lime, whilst alumina remains in solution, or at least may be 
dissolved out from the precipitate by treating it with an,additional quan- 
tity of potash. A solution of silica (Kieselfeuchtigkeit) throws down a 
- gelatinous double silicate of alumina and potash, leaving all the phosphoric 
acid in the liquid. (Fuchs.) When a solution of the salt in hydrochloric 
acid is mixed with tartaric acid, then with ammonia and hydrochlorate of 
magnesia, the whole of the phosphoric acid is precipitated in the form of. 
phosphate of magnesia and ammonia, whilst all the alumina remains in 
solution. (Otto.)—The salt is insoluble in water, but dissolves.in aqueous 
hydrochloric or nitric acid: from a solution in the latter, when neutral, 
acetate of lead separates a portion of the phosphoric acid as phosphate 
of lead. (Fuchs, Schw. 24, 122.) Nitrate of silver, on careful addi- 
tion of ammonia, throws down yellow triphosphate of silver. (H. Rose.) 
c. Sesquiphosphate?—Ordinary diphosphate of soda produces in a 
solution of alum a gelatinous precipitate, which dries up to a white taste: 
less powder, insoluble in water and solution of sal-ammoniac, but dis- 
solved by acids (including acetic acid, Wittstein), and by caustic potash: 
when strongly heated, it yields a white enamel. : e 
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) c d. Acid phosphate—Prepared by dissolving a, 6, ore in phosphoric 
acid.—Leaves a gummy residue on evaporation; fuses to a clear glass; 
deliquesces in thé air. (Fourcroy.) 


PYROPHOSPHATE OF ALUMINA. q—Prepared by precipitating an 
aqueous solution of sesquichloride of aluminum with pyrophosphate of 
soda: : . 


2APCB + 3(2Na0, PO’) = 2(APO%), 3PO® + 6NaCl. 


Amorphous, white precipitate, resembling the ordinary hydrate of alumina, 
soluble in mineral acids and solution of pyrophosphate of soda, but not 
in acetic acid (which distinguishes it from the ordinary sesquiphosphate, 
Wittstein, Repert. 63, 224). Thesolution in sulphurous acid water is pre- 
cipitated in an amorphous state by boiling. Neutral pyrophosphate of 
alumina is soluble in ammonia and potash; but the salt, when dissolved 
in hydrochloric acid and precipitated by ammonia, is not re-dissolved by 
excess of the reagent; a portion of phosphoric acid however remains 
in the solution. The hydrated salt contains 10 equivalents of water. 
(Schwarzenberg, Ann. Pharm. 65, 2.) 


Calculation. Schwarzenberg. 
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MrrarnosPuatE or ALumiIna.—Maddrell (Mem. Chim. Soc. 8, 273) 
prepares this salt by dissolving hydrate of alumina in excess of aqueous 
_ phosphoric acid, evaporating to dryness, and heating the residue to 316°. - 
_ White, anhydrous salt, insoluble in water and concentrated acids. 


Calculation. Maddrell. 
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ALUMINUM AND SULPHUR. 


A. SuLpHipe or ALuminum.—Sulphur may be distilled over alu- 
minum without combining with it; but when thrown upon ignited 
aluminum, it is absorbed with vivid incandescence. The sulphide is a 
black, vitrefied mass, having a semi-metallic lustre, and assuming an iron- 
grey colour under the burnisher. It has a pungent taste like that of 
‘ hydrosulphuric acid. When exposed to the air, it gradually swells up, 
emitting hydrosulphuric acid, and crumbling to a greyish-white powder. 
Under water, it is quickly resolved into hydrosulphuric acid and greyish- 
coloured alumina. (Wohler.) | ; 


__-&B. Sunparreor Atumina. a. Monosulphite.—An aqueous solution of 
_ sulphurous acid is saturated, at ordinary temperatures, with hydrate of alu- 
mina, and the clear liquid heated to a temperature of 74° (165° F.); by which 
means the earth is precipitated and sulphurous acid gas evolved. (Gouggins- 
-perg, Ann. Pharm. 45, 132.)—White powder, having an earthy, sulphu- 
yous taste. (Fourcroy & Vauquelin. )—It evolves sulphurous acid, even 
at 100°, and when ignited for a short time, leaves a residue of alumina 


a . 
~ 2 
“ey 


See eS CUNT. 


containing sulphuric acid (Fourcroy & Vauquelin); but after prolonged 
ignition at high temperatures, nothing but pure alumina is lett behind, 
(Gougginsperg.) It oxidizes in the air, forming sulphate of alumina (F, 
& V.): hence, when in contact with water, it quickly gives up sulphate 
of alumina to that liquid, (Gougginsperg.)—It does not dissolve in pure 
water, but is soluble in an aqueous solution of sulphurous acid. (Fourcroy 
& Vauquelin.) | 


Fourcroy & 

Calculation. Gougginsperg. § Vauquelin. 
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b. Tersulphite?—The solution of hydrate of alumina in aqueous 
sulphurous acid leaves a gummy mass when evaporated in vacuo. It 


gradually becomes oxidized in the air, and forms sulphate of alumina. 


Even at 74° (165:2° F.), it deposits all the alumina in the form of salt a, 
and gives off a large quantity of sulphurous acid; and the filtrate, al- 
though still containing sulphurous acid, is quite free from alumina. (Vid. 
Berthier, Ann. Chim. Phys. 50, 371.) 


C. Hyposutpaate or Atumina.—Tersulphate of alumina is precipi- 
tated by hyposulphate of baryta, the liquid filtered, and left to evapo- 
rate in the air; the salt is then deposited in very small crystals. If the 
evaporation is carried on to dryness, in vacuo and at ordinary tempera- 
tures, the salt soon begins to decompose, and the white amorphous mass 
which remains is found to-contain a large quantity of sulphuric acid. 
(Heeren.) os atest 


D. Sunpoate or Atumina.—a. Two-fifths Sulphate?—Pissophane 
consists of 5Al’0®, 250? + 30Aq. A portion of the alumina is however 
replaced by sesquioxide of iron. (Erdmann, Schw. 62, 104.) 

6. Monosulphate.—Found native as Aluminite.— Precipitated from 
an aqueous solution of tersulphate of alumina by ammonia; after washing 
and drying, it forms a white powder. (Berzelius.) Aluminite is a 
white, opaque, earthy mass, soft and coherent, of specific gravity 1-705, 
soluble in hydrochloric acid, and parting with all its acid at a red heat. 
(Stromeyer, Schw. 19, 424.) 


Aluminite. Stromeyer. Bucholz. Simon. 
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c. Four-thirds Sulphate?—This salt was found deposited in the form 
of a crust on the sides of a glass vessel in which dilute sulphuric acid 
perfectly saturated with hydrate of alumina had been kept for several 
years. Under the microscope, it appeared to consist of a mass of very 
small, transparent needles. When gently heated, it evolved water; and 
on ignition, sulphuric acid was given off. It was soluble in 144 parts of 
cold water, in 30°8 parts of boiling water, and dissolved with ease in 
hydrochloric or nitric acid. (Rammelsberg, Pogg. 48, 583.) 
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; Calculation. Rammelsberg. 
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When moderately dilute sulphuric acid is saturated by digestion with 
hydrate of alumina and filtered, a liquid is obtained (according to Phillips, 
Ann. Phil. 20, 280), which, on being mixed with water, becomes turbid, and 
continues for many months to deposit a basic salt. This salt, after drying, 
is partly opaque, partly translucent like born, and contains, besides water, 
162°9 parts (rather more than 4 At.) of sulphuric acid combined with 
154°2 parts (3 At.) of alumina. The liquid filtered from this precipitate 
has nearly the same composition, and is characterized by becoming turbid 
as often as it is heated, an appearance which Gay-Lussac (Ann. Chim. 
Phys. 21, 223) attributed to the presence of a foreign salt. 

d. Bisulphate.—A concentrated solution of tersulphate of alumina 
is warmed for a considerable time with monosulphate; filtered hot ; 
evaporated to dryness at a gentle heat; and the gummy mass which 
remains, preserved in well-closed vessels. In moist air, this salt is decom- 
posed and becomes opaque; and in contact with water, it is resolved into 
tersulphate which dissolves, and monosulphate which remains behind. 
Also by digesting a solution of the tersulphate with carbonate of lime, a 
liquid is obtained, which is rendered opaque, either by boiling or by dilu- 
tion with water; but contains, in addition to the bisulphate formed, a 
portion of tersulphate of alumina still undecomposed. (Maus, Pogg. 11, 
80.) The same salt (contaminated with 3 per cent. of sulphate of iron 
and containing water) is found on Mount Ararat. (Gobel, Schw. 60, 401.) 


Maus. Gobel. 

Calculation. Artif. Native. 
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In both analyses, the combined water was disregarded. 


e. Tersulphate.—The anhydrous salt obtained by heating the crystal- 
lized salt is a spongy mass, of specific gravity 2°74 (Karsten); it parts 
with its acid at a red heat without fusing, and, according to Wohler, 
leaves pure alumina when ignited in a current of hydrogen gas. 

With 18 atoms of water—Found native, composing many of the so- 
called Capillary Salts (Haar-salze). Prepared on the large scale, conta- 
minated- with a small quantity of alum, for manufacturing purposes. (Mohr, 
Ann. Pharm. 24, 345.) Hydrate of alumina is dissolved in dilute sulphuric 
acid—or, according to Descotils, ammonia alum is boiled with aqua regia till 
all the ammonia is destroyed—and the liquid evaporated till it acquires a 
syrupy consistence.—The native salt is crystalline and granular, or has a 
parallel fibrous structure; the artificially prepared salt exhibits thin, pearly, 
soft needles and lamina. From a solution in hydrochloric acid it crys- 
tallizes in beautiful tabular crystals. (Kane.) The salt is permanent in 
the air, and has a rough and highly acid taste; when heated, it swells up 
very strongly and loses its water of crystallization; it is soluble in 2 parts 
of cold water, but scarcely at all in alcohol. (Berzelius.) : 


OBE MINE 


i Boussingault. | Rammelsberg. — 
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[For accounts of the native Salk vid. Boussingault (din Chim. Phys. 30, 


109; 52, 348); H. Rose (Pogg: 27, 817); Mall (W. Quart. J. a Se. 3; 


382) ; Rammelsberg (Pogg. 43, 130 ‘and eo?) | 


ALUMINUM AND SELENIUM. 


A. SeLentpE or ALumiInum.—Aluminum heated to redness with sele- 
nium be¢ormies incandescent and unites with the selenium, forming a black 


powder, which acquires a dark metallic lustre by pressure; emits an . 


odour. of seleniuretted hydrogen when exposed to the air; and rapidly : 
evolves that gas when immersed in water, the water soon becoming red 
from separation of selenium. | Oh 


B. Hyprosetenire or Anumina.—An aqueous. solution. of hydrosele- 
nite of potash produces with the salts of alumina a flesh-coloured peep : 


tate, which gives off selenium at a red heat. (Berzelius.) 


C. Se.enire or ALuMINA.—a. Terselenite, = Precipitated on naddiuees 
selenite of potash toa perfectly neutral solution of chloride of aluminum. 


or of alum. White powder, losing, when ignited, first Wetee and then .. 


the whole of its acid;—insoluble 1 in water. 


. Calculation. Muspratt. 
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b. Sex-selenite. By dissolving the salt a, or the tae of slate 
in aqueous solution of selenious acid, and evaporating. Colourless, trans- 
parent, gummy mass, having a rough taste, and easily soluble in | water. 
(Berzelius. ) : 


D. TER-SELENIATE OF MAN MNTAS Similar in its 5 Béla to the. 
sulphuric acid salt, and yielding, under the same circumstances, corre- 
sponding basic- salts. (Berzelius, Lehrb. 4, 341.) 

slominam 4 is not affected by ignition in vapour of iodine, (Wobler:) 


_ ALUMINUM AND BROMINE. 


A. Bromipr or ALUMINUM.—Bromine vapour passed over an Sania 
nixture of alumina and charcoal, forms bromide of aluminum ; ; water dis- 
solves out hydrobromate of alumina, (Lowig.) 

Hydrated Bromide of Aluminum or Hydrobr omate of A Biahiee cued 

solution of hydrate of alumina in ii hydrobromic acid pales a 


a 
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mass of needles crystallized together in tufts, The salt has astyptic taste; 


reddens litmus feebly; highly deliquescent; resolved by heat into hydro- 


* bromic acid gas and alumina; very soluble in water and alcohol. (Loéwig, 


Berthemot, Ann. Chim. Phys. 44,394.) 


_B. Bromate or Atumina.—A solution of the hydrate in the aqueous 
acid, concentrated under the evaporating receiver, leaves a tough, trans~- 
parent. mass which contains no crystals, and when exposed to the air, 


deliquesces to a thin liquid. (Rammelsberg, Pogg. 55, 63.) 


ALUMINUM AND CHLORINE. 


A. Cutoripe or Atuminum.—Aluminum heated to redness in a 
current of chlorine gas takes fire, and is converted into chloride of alumi- 
num, which sublimes. (Wohler.)—Dry chlorine gas is passed over alumina 
mixed with powdered charcoal and ignited in a porcelain tube. (Oerstedt.) 


. —Wohler precipitates the hydrate from a hot solution of alumina with 


carbonate of potash; mixes it, after being thoroughly washed and dried, 
with powdered charcoal, sugar, and oil, to the consistence of a thick 


paste; ignites this paste in a covered crucible; and introduces the carbo- 


nized mass, while still hot, into a porcelain tube. To one end of this tube 
is attached a chloride of calcium tube through which the chlorine passes; 
at the other, a small tubulated glass globe with a tube for the escape of 
gas. As soon as the apparatus is filled with chlorine, the porcelain 
tube and its contents are ignited, and the chloride of aluminum carried 
along by the carbonic oxide gas, condenses, partly in the form of powder 
in the globe, and partly asa solid mass at the extremity of the porcelain 
tube, which is often stopped up by it. If the hydrate, thrown down by 
carbonate of potash from alum, is not submitted to long continued wash- 
ing, sulphate of potash remains mixed with it—and, during the ignition 


_. with charcoal and chlorine, gives rise to the formation of sulphide of 


potassium, and subsequently of chloride of sulphur, which mixes with the 
chloride of aluminum. On this account, Liebig precipitates a solution of 
alum free from iron by a slight excess of chloride of barium; evaporates 
the filtrate to the thickness of syrup—from which, on cooling, the chlorides 


_ of potassium and of barium crystallize out completely; decants the solu- 


tion from the crystals; mixes it with pounded sugar or starch, amounting 


-. to one-fifth of the weight cf the alum employed; and ignites the whole in 
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a covered crucible: by this process, an intimate mixture of pure alumina 


and charcoal is obtained. ‘This mixture is introduced into a tube of hard 
glass from 2 to 24 feet long and 6 lines in diameter, one end of which is 
connected by means of a cork with a tubulated receiver fitted with an 
open piece of barometer tube, to allow the carbonic oxide gas to escape. 
As the chlorine must be perfectly dry, Liebig passes it from the generator 
through a Woulfe’s bottle containing oil of vitriol, by which means also, 
by observing the rapidity with which the bubbles of gas succeed each 


other, the rate of evolution of the chlorine may be observed and regu- 
~ lated. As soon as the air is entirely expelled by the chlorine, the tube 


is heated to redness; and when all appearance of moisture has ceased, the — 
receiver is attached to the tube. A small quantity of the chloride of 


aluminum collects in the receiver in the form of a light, bulky powder; 


the greater portion however condenses in the cold extremity of the tube 
in transparent, dark-yellow drops, which solidify in a. crystalline mass. 
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At the end of the operation, this mass is detached from the tube by means 
of a strong iron wire, and, together with the finely divided chloride in the 
receiver, put into a small retort and purified by distillation; the sublimed 
chloride deposits itself in the neck of the retort. (Liebig.) Pale greenish 
yellow (Wohler); lemon-coloured, waxy mass (Liebig); transparent, and 
of a crystalline texture, resembling talc. Melts when heated under rock- 
oil, without however dissolving, and forms a brownish-red liquid. (Wo6h- 
ler.) Fusible in large masses; a small quantity immediately evaporates 
on the application of heat; boils at 180°—185° (356°—-365° F.). (Liebig.) 
Fumes slightly in the air and smells. of hydrochloric acid. (Wéhler.) De- 
composed by potassium at a temperature much below redness, the action 
being attended with brilliant incandescence and projection of part of the 
ingredients. Heated with potassium under rock-oil, no reaction takes 
place. (Wohler.) By distilling chloride of aluminum with anhydrous 


sulphuric acid, sulphurous acid and chlorine are set free, and sulphate of — 


alumina is left behind. (H. Rose.) 
APC + 6SO? = AP?O3, 3803 + 380? + 3Cl. 


Calculation, 
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Hydrated Chloride of Aluminum or Ter-hydrochlorate of Alumina.— 
Chloride of aluminum rapidly deliquesces in the air, forming transparent 
drops, and dissolves in water with a hissing noise and evolution of heat; 
the solution is transparent..(Wohler.)—A similar solution is obtained by 
saturating hydrochloric acid with hydrate of alumina. The solution left 
to evaporate in a warm and very dry atmosphere, yields regular six-sided 
prisms with the terminal faces of a rhombohedron, the angles of which 
measure about 138° (fig. 146). The crystals do not effloresce in the 
evaporating receiver over oil of vitriol. They do not melt when heated, 
but evolve water and hydrochloric acid, leaving 21-605 per cent. of alumina 
in the form of the crystal. In an ordinary atmosphere, they deliquesce 
with great rapidity. (Bonsdorif, Pogg. 27,279.) The salt is very soluble 
in water and alcohol. 


Crystallized. ; Or: Bonsdorff. 
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B. Hypratep Cutoripe or ALuminum anp Atumina, or Basic 


HyprocHLoratTE or ALuMINA.—When an aqueous solution of chloride 
of aluminum is mixed with a quantity of ammonia not sufficient to satu- 
rate it completely, a precipitate is formed, which, when thrown on a filter 
and washed, gradually becomes translucent, partially dissolyes in the 
water, and stops up the pores of the filter. Ammonia decomposes the 
salt and separates hydrate of alumina. (Berzelius.) a 
Hydrate of alumina does not dissolve in water through which chlorine 
is passed, (Grouvelle.) According to Chenevix, however, it does dissolve. 


C. Cutorate or Anumina.—A solution of the double fluoride of 
silicium and aluminum is precipitated with a boiling saturated solution 


- 


t 


- FLUORIDE OF ALUMINUM. 317 


of chlorate of potash in equivalent proportions, then filtered, and evapo- 
rated to a small bulk.—It detonates very slightly on ignited charcoal, 
producing a violet-coloured flame;—deliquescent. (Berzelius. ) 


D. Percutorate or Atumina.—Perchloric acid saturated with 
hydrate of alumina yields, on evaporation, an uncrystallizable salt which 
reddens litmus, deliquesces in the air, and is soluble in alcohol. (Serullas, 
Ann. Chim. Phys. 46, 304.) 


E. PHosraurerreD Hyprogen wita CHtorme or ALUMINUM.— 
Chloride of aluminum absorbs phosphuretted hydrogen gas but very 
slowly in the cold; after five hours, the compound contains only 3°67 per 
cent. of phosphuretted hydrogen. If, however, it be subsequently heated 
in a rapid current of the same gas till it gradually sublimes, the phos- 
phuretted hydrogen is absorbed more abundantly, without decomposition, 
and the compound sublimes completely and is deposited in crystals. 
—These crystals dissolve in water with evolution of non-spontaneously 
inflammable phosphuretted hydrogen, and yield a solution of chloride of 
aluminum. When larger quantities are used, spontaneously inflammable 
gas is likewise evolved: ammonia liberates only the latter. (H. Rose, 
Pogg. 24, 295.) — 


, Crystallized. H. Rose. 
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F. HyprosurpHate or Cutoripe or Atuminum.—Chloride of alu- 
minum has no action upon hydrosulphurie acid gas at ordinary tempera- 
tures.—To form the compound, chloride of aluminum is sublimed in a 
small retort, while a rapid current of dry hydrosulphuric acid is passed 
through the tubular opening: the excess of that gas is afterwards expelled 
bya current of dry hydrogen. The compound sublimes in the neck of the 
retort, partly in transparent, pearly crystals, partly in the form of a 
dense brittle mass, which becomes white after fusion.—Sublimes in a glass 
tube; it evolves a portion of the hydrosulphuric acid amounting to about 
30 or 40 times its own volume. In water it is converted, with consider- 
able rise of temperature and evolution of hydrosulphuric acid, into a solu- 
tion of chloride of aluminum, rendered turbid by the presence of sulphur. It 
deliquesces rapidly in the air, with continued exhalation of hydrosulphuric 
acid. With ammonia, it yields hydrochlorate and hydrosulphate of 
ammonia, while hydrate.of alumina is separated, (W dhler.) 


ALUMINUM AND FLUORINE. 


A. Hypratep FLUORIDE oF ALUMINUM or TER-HYDROFLUATE OF 
Atumina.—A solution of hydrate of alumina in aqueous hydrofluoric 
acid yields, on evaporation, first a syrup, and subsequently a transparent, 
fibrous, gummy mass, easily detached from the vessel by water. By igni- 
tion it is converted into salt B, with loss of hydrofluoric acid. It is 
tasteless, and dissolves slowly in cold, but more rapidly in hot water, 
The solution attacks the glass vessel containing it. The salt forms double 
salts with the fluorides of zinc, nickel, and copper. (Berzelius, Pogg. 
1, 23.) 


B. Fivoripe or Auuminum wit Anumrna.—Remains in the anhy- 
drous state on igniting A, and is not further decomposed at a higher 
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temperature. Obtained as a hydrate, or as basic hydrofluate of alumina, 


by digesting an aqueous solution of A with hydrate of alumina: it forms 


a transparent jelly, which dries up to a yellowish, gummy mass. (Ber-- © 


zelius. ) | | 


C. Hypratep Fivuoporipe or ALUMINUM, or HyDROFLUATE OF | 
Borate or AtumInsa.—Crystallizes by slow evaporation from a solution: 
in excess of acid. Soluble only in water which contains free acid. 


(Berzelius.) | 


On mixing the hydrofluate of borate of soda with chloride of alumi- . 
num, a basic compound separates, and the liquid contains free acid, which. 


retains a portion of the precipitate im solution. The precipitate fuses at 
a red heat, evolving water and hydrofluate of boracic acid, and leaving 
fused borate of alumina. (Berzelius.) | 


ALUMINUM AND NITROGEN. ~ 


A. Nirrate or Atumina. ‘a. Basic Nitrate.—Separates as a pasty 
mass when the salt 6 is decomposed by ammonia, even though the ammonia 
may be in excess. (Berzelius.) wba tua | 

6. Ternitrate. Prepared by saturating nitric acid with hydrate of 
alumina. Crystallizes, but with difficulty, in thin colourless lamine, 
and generally remains in the form of a tenacious gummy mass, when the 
solution is evaporated. It has a rough acid taste, and reddens litmus. 
According to Bucholz, it contains 22 per cent. of the earth combined 


with 78 of acid, which is easily expelled by heat.—Very soluble in water 


and alcohol; deliquesces inthe air.—From a solution of alumina in excess 
of nitric acid, the greater part of the alumina separates in flakes, slowly 


at ordinary temperatures, but more rapidly on the application of heat. 
After washing, it dries up to a granular powder, partially soluble and in __ 


small quantity only in boiling sulphuric, hydrochloric, or nitric acids. 
(Hollunder, Aastn. Arch. 12, 424.) : | ; | 


B. AtuminatE or AmMonta.— Hydrate of alumina dissolves very 
sparingly in solution of ammonia. It separates again, however, after 
standing for some time out of contact of air. [The best precipitant for 
alumina in analysis is sulphide of ammonium. (Malaguti & Durocher, 
4V. Ann. Chim. Phys. 16, 421.)] apn 


C. Carsonate oF ALUMINA AND AmmontA.—a. When sulphate of 
alumina is precipitated with excess of carbonate of ammonia, the preci- 
pitate, after being digested for some time in the solution, is found to be 
free from sulphuric acid, but to retain a portion of the carbonate of 


ammonia, which is not entirely expelled even at a temperature of 100°. 


(Forchhammer, Pogg. 35, 336.) 

6. When a solution of alum is supersaturated with concentrated car- 
bonate of ammonia, a small quantity of the alumina dissolves and is 
again thrown down on heating the liquid, but not on diluting it with 
water. (Gmelin.) 


D. Sutpuate or ALUMINA AND AmmMonta.—A mmonia-alum.—Found 
native, though rarely. (Stromeyer, Scher. 69, 260; Blanchet & Lecanu, 
J. Pharm. 13, 419.)—Preparation.’ Sulphate of alumina is first. pre- 
pared: 1. From alum-slate, lignite containing iron-pyrites, or any other 
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aluminous mineral penetrated with veins of sulphide of iron, These mine- 
-rals are either disintegrated by exposure to the air, or roasted, or slowly 
burnt; the sulphate of alumina thus formed, together: with the ferrous 
and ferric sulphates, is extracted by digestion in water—and, if necessary, 


the greater part of the ferrous sulphate separated by evaporation and crys- 


tallization; and the disulphate of ferric oxide, which is formed and pre- 
_cipitated by exposure to the air, removed by subsidence and decantation. 
—Or 2. By treating clay with sulphuric acid.—A solution of sulphate 
of alumina having been thus obtained, it is evaporated down to a certain 
point, and then mixed with decomposing urine (which contains ammo- 
niacal salts): the ammonia-alum then separates, and may be purified by 
repeated solution and recrystallization, If the two liquids are mixed in 
the cold, the salt is deposited in the form of Alum-meal (Alaunmehl).— 
The iron contained in the salt amounting at most to 0°001, and often only 
to 0°0005 of the whole—is separated by dissolving the salt once or twice 
in a small quantity of hot water, filtering, crystallizing, and then washing 
the crystals with cold water. The presence of iron in the alum 1s detected 
by supersaturating the aqueous solution with potash, The alumina dis-. 
solves, and the oxide of iron is left as an insoluble residue. 

~ Crystallizes in combination with water in transparent colourless erys- 
tals belonging to the regular system, generally in octohedrons (fg. 1, 2, 
4, 5, 6, 9, and 11); specific gravity, 1:626. (Kopp.) The crystals have 
a conchoidal fracture; a sour-sweet, rough taste; and redden litmus. 


Crystallized. Riffault. Forchhammer. 
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7 NH?!O, S0*) + (Al?0?, 880*) + 24Aq.; or, according to Kane, (HO, 
q g 
SO?, HAd+6Aq)+Al0%, 350°+ 18Aq. 


When heated, it loses water, swells up, and forms a porous spongy 
mass, sometimes called Burnt alum, Alumen ustum. After strong ignition 
it leaves a residue of pure alumina. Cold water dissolves it sparingly; 

hot water much more readily. 
Basic Ammonia-alum.—a. When a cold solution of ammonia-alum is 
mixed with ammonia till the precipitate is no longer re-dissolved on 
shaking the liquid, the solution is found to contain a compound of sul- 
_ phate of ammonia with bisulphate of alumina, which crystallizes with 

difficulty, and only in the form of a crust. The solution gradually depo- 
sits monosulphate of alumina; but on the addition of water, the precipita- 
tion is immediate. (Maus, Pogg. 11, 81.) 

b. If toa boiling solution of ammonia-alum, ammonia is added by 
degrees, but not to complete saturation, a compound separates which 
contains monosulphate of alumina. (Riffault, Ann. Chim. Phys. 16, 359.) 


Calculation. Riffault. 
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NH‘0, SO* + 3(AI*03, SO) + 8Aqg.—More probable, though not 80 
strictly in accordance with Riffault’s analysis is the formula: NH%O, 
50? + 3(Al?0*SO*) + 9Aq. ‘eee 


E. Cutoripe or ALuminum with AmMmonta.—a. Dry ammoniacal gas 
is at first slowly absorbed by chloride of aluminum; but on a sudden, the 
absorption takes place with such rapidity, that the compound is liquefied 
by the heat evolved.—. When a is distilled [in ammoniacal gas?] the 
compound 6 is produced and passes over into the receiver.—c. The com- 
pound a, distilled in a vessel full of hydrogen gas, parts with an addi- 
tional quantity of ammonia and yields the compound c.—a and 6 dissolve 
in water, with partial separation of alumina; c dissolves without leaving 
any residue. (H. Rose, Pogg. 24, 298; see also Persoz, Ann. Chim. Phys. 
44, 320.) 


Calculation. Persoz. Rose. Rose, 0. 
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F. Fivorme or Atuminum with HyprorivatE or AMMONIA.— 
When hydrate of alumina is digested with hydrofluate of ammonia, part 
of the ammonia is expelled-and a transparent jelly is formed, which dries 
up to a white powder, and evolves when heated, first ammonia—and then 
bihydrofluate of ammonia, leaving a compound of fluoride of aluminum 
with alumina. The salt is feebly soluble in pure water, but not in water 
containing ammonia or hydrofluate of ammonia, either of which preci- 
pitates it from an aqueous solution. (Berzelius, Pogg. 1, 45.) 


ALUMINUM AND PoTassttM. 


A. A.uminatE or Porasn.—a. Anhydvous.—Alumina ignited with 
hydrate or carbonate of potash, combines with the potash, forming a grey 
loose opaque mass, soluble in acids. 

b. Hydrated.—When a boiling solution of caustic potash is saturated 
with hydrate of alumina, evaporated to a small bulk, and the small por- 
tion of potash which remains uncombined, dissolved out by alcohol, a 
compound remains, consisting of 47°87 per cent. (1 At.) of potash 
with 51°13 per cent. (1 At.) of alumina. (Unverdorben, Pogg. 7, 723.) 
—Fremy (Compt. rend. 15, 1106) obtained this compound in a erystalline 
form with 2 atoms of water = KO, AP?O*?+2Aq. . 

c. Aqueous Solution.—Prepared by dissolving a or 6 in water, or by 
saturating a hot solution of potash with hydrate of alumina. Colourless 
liquid, decomposed by acids and by ammoniacal salts, with separation of 
pure hydrate of alumina; and by baryta-water, strontia-water, milk of 
lime, and lime-water, with precipitation of aluminate of baryta, strontia, 
or lime. (Guyton-Morveau, Ann. Chim. 31, 246; Bucholz, Zaschenb. 1812, 
156; Dobereiner, Schw. 10,113.) The decomposition effected by lime is 
not complete, (Kuhlmann, Ann. Pharm, 41, 228.) When a solution of 
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potash is saturated with hydrate of alumina precipitated by carbonate of 
ammonia, the solution, even when kept in well-closed bottles, deposits 
after some days, pure hydrate of alumina, y, 2 (III., 307); this precipita- 
tion is probably caused by the carbonic acid proceeding from a portion of. 
adhering carbonate of ammonia. If air be admitted, a still larger quan- 
tity is precipitated, by the action of the carbonic acid contained in it. 
(Bonsdorff, Pogg. 27, 275.) 


B. CarBoNnateE oF ALUMINA AND PorasH.—a. The precipitate ob- 
tained by adding an excess of carbonate of potash to a salt of alumina, 
retains—however well it may be washed—a portion of carbonate of pot- 
ash in a state of intimate combination; it does not evolve carbonic acid 
when ignited, but dissolves with effervescence in the stronger acids. (Ber- 
zelius. ) 

6. When a saturated solution of carbonate of potash is added in large 
excess to a solution of alum, a portion of alumina remains dissolved. 
(Gmelin.) A boiling concentrated solution, more especially, dissolves alu- 
mina; hence the first few drops of chloride of aluminum added to a boil- 
ing solution of carbonate of potash give no precipitate; and on increasing 
the quantity till a permanent precipitate begins to appear, and then filter- 
‘ing, the liquid as it cools deposits voluminous flakes of hydrate of alumina: 
a portion however still remains dissolved after the solution has become 
cold, and may be thrown down by neutralizing with hydrochloric acid 
and then adding carbonate of ammonia. (Magnus, Pogg. 21, 58.) 


C. SutpHate or AnumiInaA AND Potasn.—Potash-alum. — Found 
native in a few minerals, and as an efflorescence.—Preparation.—1. The 
aluminous earth of volcanic regions, or alum-stone previously ignited, is 
exhausted with water, and the solution evaporated.—2. Sulphate of alu- 
mina is prepared as for ammonia alum (III., 319), and substances contain- 
ing potash are added to it—as the ley from wood-ashes, crude potash, 
sulphate of potash, and chloride of potassium: hence also glass-gall, 
soap-boilers’ ley, &c. may be used, Potash alum then crystallizes out, 
and may be afterwards purified by repeated crystallization. Crystalline 
form, fracture, taste, and other characters, similar to those of ammonia- 


alum. Specific gravity = 1°724. (Kopp.) 


Thénard & 
Crystallized. Thomson. Roard. Vauquelin. Graham. 
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According to Kane: (KO,S0*+6Aq.)+ (Al?0®, 380°+ 18Aq.); ac- 
cording to Graham: KO,S0*+ (Al’0®, 880° + 6Aq.+18Aq.). 

Crystallized alum loses 18 atoms of water at 61° (Graham, Ann. 
Pharm. 26, 80); at 92°, it fuses completely in its own water of crystal- 
lization; and then, according to Marx (J. pr. Chem. 22, 148), remains 
liquid for some time after cooling, and finally solidifies in a crystalline 
mass. When gradually heated to a temperature just below redness, 1t 
loses water, swells up very much, and leaves a residue of anhydrous alum 
(Burnt alum, Alumen ustum), which forms a loose, friable, porous mass, 
At a white heat, the whole of the sulphuric acid which was in combina- 
tion with the alumina is given off, partly undecomposed, as anhydrous 
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acid, and partly resolved into sulphurous acid and oxygen gases; leaving» 
a mixture of alumina and sulphate of potash. When the crystals are 
heated in a retort, an aqueous solution of sulphurous acid collects in the 
receiver (Spirit of alum). By ignition with charcoal, potash-alum is con- 
verted into a pyrophosphorus. 

Crystallized alum heated with chloride of potassium or chloride of 
sodium, liberates hydrochloric acid. When a concentrated solution is 
boiled with chloride of potassium, hydrochloric acid is evolved, and a very 
sparingly soluble basic-alum is precipitated; with chloride of sodium, a 
still more difficultly soluble salt is thrown down; and with sal-ammoniac, 
an alum which is almost wholly insoluble in water. A solution of alum, 
common salt, and nitre dissolves gold. (Richter, Stéchiometrie, 2, 269 and 
276.) Burnt alum exposed to the air in summer, absorbs 18 atoms of 
water in 47 days, and the absorption does not cease even then. (Bliicher.) 

Crystallized alum fused at 100° and kept at this temperature for a 
long time, loses water, amounting in the whole to 18°95 per cent.—and 
becomes more and more viscid, till at last it solidifies to a clear, vitreous 
mass containing only 14 atoms of water.—At a temperature of 120° 
(248° F.) this mass swells up and loses water; and if kept at that tempe- . 
rature for 12 hours, till it sustains no further loss of weight, it gives 
off water amounting to 36°094 parts (in 100 parts of crystallized alum) 
—and is converted into a porous mass, which contains 5 atoms of water, 
and undergoes no further change at any temperature below 160° (320° F.). 
At 180° (356° F.) the total loss of water amounts to 43°505 per cent. ; 
consequently, the residue contains only one atom, or 3°452 per cent. ; and 
at 280° (586° F.) it reaches 44°439 per cent., so that the residue retains 
but 4 At. or 1:836 per cent. (Hertwig, Pogg. 55, 99.) I According to 
Gerhardt (J. Pharm. 12, 57), crystallized alum loses 20 atoms of water 
at 120°; the residue is readily soluble.in water. At 200° the whole of 
the water is expelled, and the remaining compound is insoluble in water. 


A similar result is obtained on treating the crystals with concentrated 


sulphuric acid and applying heat, the crystals after a short time crum- 
bling to an insoluble powder. This powder changes under water, in the 
course of 8 or 10 days, into small octohedrons. 

Large crystals of alum kept under cold oil of vitriol for a fortnight, 
break up into a white’pasty mass, which, when exposed to the air, absorbs 
water and forms octohedral crystals. On the addition of a small quan- 
tity of water, the mass becomes heated and solidifies; and if it be then 
dissolved in boiling water, it yields, on cooling, regular octohedrons which 
contain only 31:741 per cent. (14 atoms) of water, corresponding there- 
fore in amount of water to the mass obtained by heating alum to 100°. 
(Hertwig.) The crystals obtained in this manner consist of ordinary 
alum, with 46°3 per cent. (24 atoms) of water. (W. Heintz, Pogg. 55, 
331.)—Powdered alum rubbed up with oil of vitriol becomes heated and 


_ forms a paste which solidifies on cooling. Melted at 70° or 80° and then 
~~ eooled, the mass suddenly becomes solid at 40°, the thermometer rising to 


60°. The fused mass heated to 130°, boils up and gives off vapour of 
water; at 140° it thickens and deposits a crystalline powder, the quan- 
tity of which is increased by addition of oil of vitriol. This powder, after 
being washed upon a filter and then dried, contains 9:4 per cent. (3 atoms) 
of water, which escapes even at a temperature of 100°. It dissolves very 
slowly in cold water, and in about 20 minutes in boiling water. (Hertwig.) 
[It has not yet been determined whether the potash, alumina, and sulphu- 
ric acid in this salt are in the same proportions as in alum. | 
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One part of crystallized potash-alum dissolves at 12°5° (54°5° F.) in 
13°3 parts of water; at 21° (69°8° F.), in 8°2 pts.; at 25° (77° F.), in 4°5 
pts.; at 37°5° (99°5° F.), in 2°2 pts.; at 50° (122° F.), in 2 pts.; at 62°5° 
(144°5° F.), in 0:4 pts.; at 75° (167° F.), in 01 pt.; and at 87°5° 
(189°5° F.), in 0-06 pt. of water. (Brandes.) Specific gravity of a satu- 
rated solution at 8° (46°4° F.) = 1:045. (Anthon.) [For tables of the 
amount per cent. contained in a solution, see Richter, Stéchiometrie, 
3, 183.] Burnt alum takes a long time to dissolve in water. Alum 
thrown into water immediately after it has been burned and become cool, 
remains almost entirely undissolved after many months; but if it has 
been previously exposed to the air for a fortnight, it regains its peculiar 
taste and dissolves with ease. (Geiger, Mag. Pharm. 8, 199.) In an 
aqueous solution of tersulphate of alumina, alum is nearly insoluble. 

Cubic Alwm.—12 parts of alum dissolved in boiling water with one 
part of slaked lime, yield cubical crystals on cooling. (Sieffert, Z’aschend. 
1780, 6.) Acslight addition of potash to a solution of alum likewise causes 
the formation of cubic alum. According to Berzelius, a tolerably large 
quantity of potash may be added to a solution of alum before a perma- 
nent precipitate is formed. 

Basic Potash-alum.—a. Containing Bisulphate of Alumina.—Prepared 
in the same manner as basic ammonia-alum, a (III., 319). (Maus.) 

6. Containing Monosulphate of Alumina.—Found native as Alum-stone. 
(Cordier, Schw. 33, 282.)—1. Hydrate of alumina boiled with a solution 
of alum withdraws the water from the alum, and forms an insoluble pow- 
der.—2. By precipitating a boiling solution of alum with a quantity of 
potash insufficient for complete saturation, (Riffault, Ann. Chim. Phys. 
16, 355; also Schw. 32, 450.)—Alum-stone crystallizes in acute rhombo- 
hedrons (Fig. 151 and 158). 7°: 7° = 87° 8; sr or 7” = 92° 52’; 
cleavage parallel to p; specific gravity = 2°694. Translucent; infusible 
in the blowpipe-flame. Insoluble in water; but, after gentle ignition, gives 
up alum to it, the excess of alumina remaining undissolved. The arti- 
ficial compound is a white, tasteless powder, which is insoluble in water, 
and after solution in acids, again yields crystals of alum. 


Riffault. Cordier. Descotils. 

Calculation. Artif. 2. Cryst. Alumstone. Alumstone. 
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KO, $0°+3Al0%, 8380°+9Aq.; the analysis of Cordier however corre- 
sponds more nearly to the formula: KO, S80°+4AP0%, 850%+ 8Aq., and 
that of Collet-Descotils to the formula: KO, SO*+3Al0%, 280°+ 4Aq. 


Mixture of Potash-alum and Ammonia-alum.—Obtained by mixing 
solutions which contain sulphate of alumina with substances in which both 
ammonia and potash are present at the same time.—Corresponds exactly 
in appearance with potash and ammonia-alum; behaves im its chemical 


relations as a mere mechanical mixture of the two salts. 


D. Cutoriwe or Atummnum anv Porasstum.—l. In the decompo- 
sition of chloride of aluminum by potassium, there is formed, together 


with the aluminum, a fused mixture of the two metallic chlorides. (W oh- 


ler.)—2. In the preparation of chloride of aluminum from chlorine and 
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alumina mixed with charcoal, if the alumina contains potash, the first: 
volatile product is pure chloride of aluminum; but after a time, colourless 
drops are deposited in the tube close to the carbonaceous mixture; and 
these solidify to a colourless, translucent mass, of crystalline texture. 
This substance slowly deliquesces in the air, forming a colourless liquid; 
dissolves readily, and with evolution of heat, in water; and, on evapo- 
rating the solution to dryness and igniting, yields 64°48 per cent. of a 
mixture containing 26°67 per cent. of alumina and 37781 per cent. of 
chloride of potassium. (Degen, Ann. Pharm. 18, 332.) 


Calculation. 
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E. Frvorimsr or ALUMINUM AND Potasstum.—a. 3KF, APF*.—Into 
an aqueous solution of fluoride of potassium a solution of fluoride of alu- 
minum is gradually dropped, till the former salt remains only in slight 
excess,_—A permanent precipitate is produced in a solution of alum, only 
when excess of fluoride of potassium is added. (Berzelius.) 


b. 2KF, APF*.—1. An aqueous solution of fluoride of aluminum 19 
precipitated by stirring it up with a quantity of fluoride of potassium, 
smaller than is necessary for perfect saturation—2. Hydrate of alumina 
is digested in an aqueous solution of bi-hydrofluate of potash. The first 
portions of the hydrate dissolve; by adding more, however, the compound 
6 is separated, while monofluoride of potassium remains dissolved. 


3(KO,2HF) + APO? = 2KF, APF? + KO, HF + 5HO. 


If, however, the gelatinous precipitate is boiled with the supernatant liquid, 
it combines with another equivalent of fluoride of potassium, and is con- — 
verted into a. 


2KF, APF? + KO, HF = 3KF, APF? + HO. 


—The gelatinous precipitate resembles a, and is likewise decomposed by 
ignition.—By boiling an aqueous solution of bi-hydrofluate of potash 
with excess of hydrate of alumina, the compound 6 is first formed and 
then the compound a; if the solution be then boiled, potash is set frec 
and a basic double salt produced. 

The precipitate a, as well as 0, is gelatinous, and dries up to a white 
powder, which is decomposed at a red heat (by the action of adhering 
water). When boiled with a mixture of equal parts of oil of vitriol and 
water, it evolves the whole of the hydrofluoric acid; and if ammonia be 
then added, a precipitate of alumina is obtained free from hydrofluoric’ 
acid and potash. (Berzelius, Pogg. 1, 48; 4, 130; Lehrb. 4, 324.)—Very 
sparingly dissolved by acids, and still less by water. (Gay-Lussac & 
Thénard.) 


a. b. Berzelius. 
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ALUMINUM AND SopDIuM. 


A. AtumINATE oF Sopa.—a. Anhydrous.—51°4 parts (one At.) of 
alumina fused with excess of carbonate of soda, rapidly expel 22°6 parts 
(rather more than one atom) of carbonic acid.—The fused aluminate of 
soda is a white enamel, having a conchoidal fracture, and very fusible. It 
dissolves easily and completely in cold water, and when exposed to the 
air becomes covered with an efflorescence of carbonate of soda. (Count 
Schaffgotsch, Pogg. 43, 117.)—Before the blowpipe, alumina swells up 
with carbonate of soda and combines with a portion of it, but does not 
fuse, the excess of carbonate of soda sinking into the charcoal. (Berzelius.) 


Calculation. Schaffgotsch. 
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b. In solution.—Prepared by dissolving @ in water, or hydrate of 
alumina in a solution of caustic soda.—Precipitated by acids, even by the 
carbonic acid in the air, and by ammoniacal salts. 


B. One part of alumina yields, by ignition with 2 parts of borax, a 
light grey, perfectly transparent glass. (Morveau.)—Before the blowpipe, 
alumina slowly dissolves in borax, forming a clear glass, which remains 
clear after cooling; but if the alumina is in excess, the bead is turbid 
even while hot, and becomes crystalline at the surface on cooling. (Ber- 
zelius. ) 


¢—C. PrropnospHatr or ALUMINA AND Sopa.—Colourless, very 
soluble salt. A solution of this compound may be evaporated to a certain 
extent, without suffering decomposition; but if the concentration be car- 
ried further, pyrophosphate of alumina is deposited, and a second 
double salt with excess of base produced. (J. Persoz, Ann. Pharm. 65, 
163, 1848.) J 


D. Alumina heated in the blowpipe-flame with microcosmic salt in 
any proportions whatever, forms a permanently transparent glass; an 
excess of alumina remains undissolved and becomes translucent. (Ber- 
zelius. ) 


_ §. Surrnare or Atumina AND Sopa.—Soda-alum.—A natural pro- 
duct. (Shepard, Sillim. Amer. J. 16, 203; Th. Thomson.) Crystallizes from 
the mother-liquor of alum, when soap-boiler’s ley (which contains common 
salt) has been used in its preparation. (Zellner.)—Prepared by sponta- 
neous evaporation of a mixed solution of sulphate of soda and tersulphate 
of alumina. (Zellner.)—Octohedrons, perfectly resembling potash-alum 
in appearance (Zellner, Schw. 18, 344), but having their faces hollowed 
out here and there with hexagonal, step-like indentations (Wellner, Go. 
70, 185); specific gravity 1-6; very friable. (Ure, Schw. 36, 183.) 


Crystallized. Wellner. Ure. Zellner. Graham. 
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The crystals effloresce only in dry air (Graham); at temperatures — 
between 40° and 50° they become opaque and part with their water of 
crystallization, without however losing their form (Zellner); they lose 
the whole of their water at a red heat; the residue is still perfectly 
soluble in water. (Ure.) They dissolve in 2°14 parts of water at 13° 
(55°4° F.), and in one part of boiling water; the latter solution solidifies, _ 
on cooling, to an irregular mass, not distinctly crystalline. (Zellner.) 
110 parts of soda-alum dissolve in 100 parts of water at 15°5° (59°9° F.), 
forming a solution of specific gravity 1°296. (Ure.)—Insoluble in absolute 
alcohol. (Zellner.) | 


E. Cutoripe or ALuMINUM AND Soprum.—Common salt heated with 
chloride of aluminum combines with it in considerable quantities, forming 
a yellow compound which does not give off chloride of aluminum when 
strongly ignited; and dissolves in water with evolution of heat, forming a 
solution which, on evaporation, yields crystals of pure chloride of sodium. 


(Wohler.) 


F, Frvormer or Atuminum anp Sopium.—Found native in the 
form of Kryolite.—Prepared artificially by adding hydrate of alumina, in 
small portions at a time, to an aqueous solution of bi-hydrofluate of soda, 
till the acid reaction of the liquid—now consisting of almost pure water— 
disappears. The same compound is formed by acting on mono-hydro- 
fluate of soda with alumina; only in this case, half the soda is set at 
liberty, and remains dissolved in the hquid. 7 

Kryolite belongs to the square prismatic system; has a specific gravity 
of 2°96; is softer than fluorspar; colourless and transparent; fuses below 
a red heat, and forms an opaque glass on cooling. The artificially pre- 
pared salt is gelatinous while moist, and dries up to a white powder. 
(Berzelius, Pogg. 1, 41.)—Exposed to the air for a long time ina fused 
state, it gives off hydrofluoric acid and becomes infusible. (Smithson.) 
Evolves hydrofluoric acid when heated with oil of vitriol. Very slightly 
soluble in water. (Berzelius. ) 


Kryolite. . Berzelius. 
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ALUMINUM AND LITHIUM. 


A. Puospuate or ALuMINA AND Liraia.—Formed when a saturated 
solution of phosphate of alumina in caustic potash is precipitated by a salt 
of lithia. (Berzelius.) A bulky precipitate is then produced, composed 
of 2(3Li0O, PO*)+Al?0*, PO®+380HO; or: 2(8Li0, PO*)+ Al’0*, PO® + 
15HO+5AL0°, 3HO. (Rammelsberg, Pogg. 64, 251 and 405; Ann. Pharm. 
56, 210.) 1 This compound is found in combination with double fluoride 
of aluminum and lithium, in Amblygonite. (Berzelius.) : 


B. SunpHate oF ALuMINA AND Liruta.—Zithia-alum.—A mixed 
solution of sulphate of lithia and tersulphate of alumina yields, when eva- 
porated in the air, at temperatures below 11° (51°8° F.), octohedrons and 
rhombic-dodecahedrons, which are soluble in 24 parts of cold, and in 
0°87 parts of hot water. (Kralovanszky, Schw, 54, 349.) 
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Crystallized. Kralovanszky. 
TO) BO shi. cn disininie A A gh UROL sack. 13°56 
FE SSOP iid. cel. aan AG 14) oh.4ts 3880" set 35°83 
EEL) 2h shicesioes py ndcsoon np eaay te RED rir he BOS + cs. 50°61 
Gy LOU UE es 100-00 


According to Rammelsberg, sulphate of lithia does not form a double 
salt with sulphate of alumina. (Pharm. Centr. 1849, 106.) 


C. Fivoripe or AnumiInum snp Liraium.—Insoluble in water. 
(Berzelius. ) 


ALUMINUM AND BARIUM. 


AuumInate oF Baryta.—a. Anhydrous.—Alumina ignited with 
baryta yields a greenish or blue mass, having but little coherence. (Vau- 
quelin. ) 

b. Hydrated.—-By boiling baryta-water with hydrate of alumina, a 
soluble compound of baryta and alumina is obtained, in which the baryta 

edominates, and an insoluble compound in which the alumina is in 
excess. (Vauquelin.)—An aqueous solution of aluminate of potash (KO, 
Al?0?) gives with chloride of barium a gelatinous precipitate = BaO, 
Al?0*, (Unverdorben.) 


ALUMINUM AND STRONTIUM. 


ALUMINATE oF Stront1a.—According to Vauquelin, alumina yields 
with strontia, both in the wet and in the dry way, compounds similar to 
those which it forms with baryta. 


ALUMINUM AND CALCIUM. 


Aumtnats or Lime.—a. Alumina may be fused with from 1 to4 
its weight of lime; with a larger proportion of lime, no fusion takes place. 
Erman, Kirwan.)—3Ca0, AI’O®* is a vitreous mass, which is infusible 
before the blowpipe, and, after some months, crumbles toa fine powder.— 
3Ca0, Al*0* is sometimes of a dense, and sometimes of a porous texture, 
of specific gravity 2°76, and rather fusible.—CaO, Al’O®* is a compact 
vitrefied mass; having a waxy fracture, and very difficult of fusion. 
(Sefstrém.) . . 

b, Hydrate of alumina absorbs the whole of the lime from lime-water, 
forming with it an insoluble compound. (Scheele.)—The same effect is 
produced by adding lime-water or milk of lime to an aqueous solution of 
aluminate of potash, pure potash remaining 1n the liquid. From this 
cause, according to Kuhlmann, lime becomes hardened in sap h of 
aluminate of potash or soda.—Aluminate of potash (KO, Al0*) gives a 
precipitate with chloride of calcium == CaO, APO*. (Unverdorben.) 


ALUMINUM AND MAGNESIUM. 


A. AtumInate oF MAGNESIA. —d. Anhydrous.—Spinelle occurs 
in regular octohedrons and rhombic dodecahedrons, of, specific gravity 
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3'48—3:62 (Breithaupt), very hard and infusible before the blowpipe. 
Mixed with six times its weight of carbonate of baryta and exposed 
to the heat of a very powerful wind-furnace, it yields a perfectly fused 
mass, crystalline on the surface and completely ‘soluble in hydrochloric 
acid. Powdered spinelle becomes blue by ignition with nitrate of cobalt. 
When heated in oil of vitriol, till the latter begins to evaporate, about 
one-third of it dissolves; hydrochloric acid dissolves it but very slightly, 
and nitric acid leaves it altogether untouched. (Abich, Pogg. 23, 316.) 


Spinelle from Ceylon. Abich. . - 

Mey ee B00) Sua 28-01. eee 26-21 

BNE Foss ccceue 5 1*ds 7S gee comer 41°99 5 eee 69°01 

Protoxide of Iron 0°71 Oxide of Chromium 1°10 Silica 2°02 3°53 

MgO, APO%........ Bl Demi resem Pots 100°00*\ = Gaya 99°05 

The'spinelle from Acre is entirely free from silica. (H. Rose, Pogg. 

51, 279.) 
San Alumina does not fuse with magnesia, even at the heat of a smith’s 
forge. 


‘Alumina containing not more than one-half per cent. of magnesia 
evolves a considerable quantity of heat, on being moistened with water 
after ignition; and when treated with concentrated hydrochloric acid, 
leaves a powder which resists the action of the acid for a very long time. 
This powder is an aluminate of magnesia. (Berzelius.) 

b. Hydrated.—When a salt of magnesia is mixed with a salt of alu- 

_* | mina, in such proportions that the solution contains one atom of each of 

quotes he bases, and chloride of akwimum is added in sufficient quantity to 

‘ prevent the precipitation of the magnesia (III., 224, 225), the alumina 
thrown down by supersaturating with ammonia, carries with it nearly all 
the magnesia, producing an artificial [hydrated] spinelle. (Abich, Pogg. 


Si 22, 355.) An aqueous solution of potash dissolves out only a portion of 
the alumina from this precipitate, the rest being retained by the 
magnesia. 


The pré.‘pitate which ammonia produces in a mixed solution of a salt 
of alumina and magnesia, contains, beside alumina and magnesia, a con- 
siderable quantity of ammonia, which is evolved on triturating the preci- 
pitate with potash. The precipitate produced by potash likewise appears 
to contain potash. (Fuchs, Schw. 24, 384.) 

Magnesia, added to an aqueous solution of aluminate of potash, with- 
draws a portion of the earth, probably mixed with potash. 
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B. PuosrpHatre or ALUMINA AND Macnesta.—Occurs in the state of 
hydrate, forming the mineral called Lazulite, in which however a portion 
of the magnesia is replaced by protoxide of iron. Specific gravity, 3:0... 
3:1; harder than apatite.—Transparent, and of a blue colour. Swells up 
before the blowpipe, becomes colourless, and falls to pieces without fusing; 
: colours the flame pale bluish-green. Acids do not attack it till after 
ignition. Composition: 2MgO, PO® + 2A1’?0*,PO® + 2Aq. (Fuchs.)— . 
g According to Rammelsberg (Pogg. 64,251 and 405), the formula for 
Lazulite is 2(3RO, PO*®) + 4(Al’0*, 3P0°) + 6HO. Lazulite is distin- 
guished from blue spar by its containing a larger quantity of protoxide of 
iron. T 
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C. SunpHATE oF ALUMINA AND Macnesta.—a. Magnesia-alum.— 
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Found native, forming a kind of fibrous alum. (Stromeyer, Schw. 69, 255; 
Apjohn, J. pr. Chem. 13, 255.) | 


Calculation. Stromeyer. 
Pala crin., 0s Saseiscneseets BUG? 235), ae as 3°690 
Me feck cacesassossencteher 514, cock, LES 26 ee 11-515 
Be isk en shslosseeshasons 160°0 .... 35°06 ies 36°770 
Rtas yds ches cadsloccvens 225°0 .... 49°30 Set 45°739 
Protoxide of Manganese .... 2°167 


456°4.... 100°00 wees 99881 


In the native magnesia-alum, part of the magnesia is replaced by prot- 
oxide of manganese. According to Kane: (MgO, SO0*HO) + (Al?0°,3S0°) 
+24Aq.; Kane regards MgO, HO as isomorphous with NH*,HO and 
with KO. 

b. With a larger proportion of Sulphate of Magnesia.—Crystallizes 
when a solution containing sulphate of magnesia and sulphate of alumina 
with a large excess of acid, is left to itself, in a porcelain basin with a 

rough surface. Forms a warty efflorescence composed of fine needles. 
(Klauer, Ann. Pharm. 14, 264.) 


3(MgO, S03) + A203, 3803 + 36Aq. 


Crystallized. Klauer. 
POR OUiy orescvsseniys siee pled aoe ot ts laa ge 9175 
| Sas eae ee oer ae LURE Riera POL GM eaes 7°600 
(LES eee a ea 240-0 i \aicy. fh” DOORS | csrtasee 36°940 
EER sean othtomndis'eoss REMAN wii AFORE! A alae 46°285 
CFORE I cer LOOOR (Pcie 100°000 


ALUMINUM AND GLUCINUM. 
i 
ALUMINATE oF Guuctina. — Chrysoberyl. — Belongs to the right 
prismatic system ; specific gravity = 8°75 (Mohs) ; harder than topaz; 


infusible before the blowpipe; insoluble in acids. “eS 
Chrysoberyl. Awdejew. 
CRO tra tients ener. 8 VOT OEE. eure 18°06 
i RS ees 51°4 SOVTI Terre 78°71 
Ferric oxide .... 3°47 
CHS AEF, ccs aos, 100°00 ) as 100°24 


Aluminum likewise combines with Jron. 
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THORINUM. 


Berzelius. Pogg. 16, 385. 


History. Berzelius (Schw. 21, 25) in 1815 found in Ytterite from 
Kararfvet, and in the fluoride of cerium and yttro-fluoride of cerium from 
Finbo, a substance which he regarded as a new and peculiar earth, and 
named Thoria or Thorina. Subsequently, however (Pogg. 4, 145), he 
became convinced that this substance really consisted of basic phosphate 
of yttria. In 1828, Berzelius discovered another earth, which he proved 
to be distinct from all others. This he accurately investigated; and as it 
exhibited a great similarity to the earlier discovered substance, he con- 
ferred on it the same name. The whole of the following account, except 
where the contrary is stated, is taken from Berzelius. | 


Sources. As basic earth to the amount of 58 per cent. in Thorite, a 
mineral resembling Gadolinite, from the island of Lév-6n in Norway; also 
in Monazite (Kersten, Pogg. 47, 385), and in Pyrochlorite (Wohler, Pogg. 
48, 83). 


Preparation. A mixture of potassiuin and double fluoride of thori- 
num and potassium—or, better, of potassium and chloride of thorinum 
(or double chloride of thorinum and potassium)—is heated in a glass 
tube. The act of decomposition is attended with feeble explosion. The 
residue consists of a grey mass, which evolves hydrogen gas only when 
first immersed in water, and after the fluoride or chloride of potassium 
has been washed out, leaves pure thorinum. 


Properties. Dark leaden grey, heavy powder, which, when pressed in 
an agate mortar, assumes an iron-grey colour and metallic lustre, 


Compounds of Thorinum. 
THORINUM AND OXYGEN. 
THorina. ThO. 
Thorinerde, Thorerde, Oxide of Thorinum, Thorine. 


Formation. Thorinum heated in the air to a temperature short of 
redness, burns with great splendour, and forms snow-white, infusible tho- 
rina. Grains of thorinum thrown into the flame of a spirit-lamp burn 
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with a white light, and appear at the moment of combustion to increase 
considerably in volume. Thorinum dissolves but very slightly in nitric 
acid even at a boiling heat; after long digestion, however, complete solu- 
tion takes place; it is not oxidized by boiling water. It dissolves slowly 
in cold and rapidly in hot hydrochloric acid, with evolution of hydrogen 
gas. When it is immersed in dilute sulphuric acid, violent effervescence 
takes place at first, from disengagement of hydrogen gas; but this soon 
ceases, and solution then goes on very slowly till the whole has disap- 
peared. Hence the thorina sometimes mixed with the metal may be 
separated by means of dilute sulphuric acid. Aqueous hydrofluoric acid 
behaves in a similar manner; alkaline solutions do not affect thorinum. 


f 


Preparation. Thorite reduced to powder but not ignited (containing 
thorina, potash, soda, lime, magnesia, alumina, silica, protoxide of man- 
ganese, the sesquioxides of iron and uranium, binoxide of tin, oxide of 
lead, and water) is warmed with hydrochloric acid. Chlorine gas is then 
evolved and the powder is converted into a jelly. The whole is then 
evaporated to dryness; the residue dissolved in water acidulated with 
hydrochloric acid; the tin and lead separated from the filtered solution 
by a current of sulphuretted hydrogen; and the thorina, together with 
alumina and the sesquioxides of uranium, iron, and manganese, precipi- 
tated from the filtrate by ammonia. The precipitate, after being well 
washed, is dissolved in dilute sulphuric acid, and the solution evaporated 
at a gentle heat; the sulphate of thorina is then deposited in the form of 

a bulky salt, difficultly soluble in the hot liquid. The supernatant liquid, 
_ after being reduced to a small bulk, is poured off—the residual salt 
washed with boiling water (cold would dissolve it)—pressed out—and 
strongly ignited: the residue is pure thorina.—The solution poured off 
from the sulphate of thorina still contains a portion of thorina; it is there- 
fore concentrated by evaporation; neutralized with carbonate of potash; 
and mixed with a boiling saturated solution of sulphate of potash. The 
precipitate of sulphate of thorina and potash, with excess of sulphate 
of potash, which forms on cooling—is washed with water saturated with 
the latter salt—then dissolved in warm water—and the hydrate of tho- 
rina precipitated by ammonia. This, when ignited, yields an earth which 
is coloured yellow from the presence of manganese: it is purified by solu- 
tion in sulphuric acid, &c., as already described. Precipitation by oxalic 
acid does not effect so complete a separation. 


Properties. Snow-white; specific gravity 9°402; after ignition, it 
becomes hard and difficult to powder finely; infusible before the blowpipe. 


Calculation. 
Pe eet itinn tind BOG 22s sone 88°17 
CP iesciahiiaer titers OO dus 11°83 
TC) hie ates BF'Gs ssivake 100°00 


(ThO = 7449 + 100 = 844°9. Berzelius.) 


| Thorina is not reduced to the metallic state, cither by charcoal or by 
-~potassium. 


: Combinations.—a. With water.—HypRraTE OF THorina.—Sulphate 
of thorina, after being well purified by washing with boiling water, 1s dis- 


1 solved in cold water, precipitated by potash, and the precipitate thoroughly 
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6. With acids, forming the Sars oF THormna.—The earth, after 
ignition, is perfectly insoluble in hydrochloric and- nitric acids, but dis- 
solves in hot sulphuric acid; the hydrate while moist is readily dissolved 


_ by acids, but with difficulty when dry. The salts of thorina are colour- 


less, and have a pure and strongly astringent taste, without sweetness 
or bitterness. When heated to redness, they part with their acid on 
ignition (if it is volatile) more easily than the salts of zirconia. The 
aqueous solutions of many thorina-salts are decomposed by boiling, and 
deposit a white solid crust on the sides of the glass vessel. Potash or 
ammonia added to the solution precipitates hydrate of thorina which is 
not re-dissolved by an excess of the reagent; hydrosulphate of ammo- 
nia also throws down hydrate of thorina. Carbonate of ammonia or 
potash precipitates carbonate of thorina, soluble in excess of the alka= 
line carbonate at ordinary temperatures.—Phosphate of soda precipitates 
phosphate of thorina in white flakes.—Crystals of sulphate of potash 
introduced into the solution of any salt of thorina, slowly render it turbid, 
and give rise to the formation of double sulphate of thorina and potash, 
which is soluble in pure water.—Tungstic acid, alkaline molybdates and 
arseniates, and ferrocyanide of potassium, produce a white precipitate. 
Alkaline oxalates and oxalic acid also give a white precipitate, even whe 

the thorina-salt contains.a large excess of free acid. Pir 


THORINUM AND CARBON. 


CARBONATE oF THoRINA.—The hydrate absorbs carbonic acid from 
the air while being washed and dried. When the aqueous solution of a 
salt of thorina is treated with alkaline carbonates, carbonic acid gas is — 
expelled, and a basic salt precipitated which is insoluble in aqueous car- 
bonic acid, 


THORINUM AND Boron. 
Borate or THormna.—Formed by double decomposition.—White, 
floculent precipitate, insoluble both in water and in solution of boracic 
acid. . 


THORINUM AND PHOSPHORUS. 


A. Puospaive oF Tnormum.—Heated thorinum absorbs vapour of 
phosphorus, the combination being attended with evolution of light and 
heat. The compound, which has a dark-grey colour and metallic lustre, 
and resembles graphite in appearance, burns when heated, and forms 
phosphate of thorina: it is not acted on by water. waht 


B. PuospHate oF THortnaA.—White, floculent precipitate, fusing with 
difficulty in the blowpipe-flame; insoluble in water or in solution of phos- 
phoric acid, “ 
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THORINUM AND SULPHUR. 


A. SunpuipE or THorrnum.—When thorinum is mixed with sulphur, 
and the mixture heated till the sulphur begins to volatilize, combination 
takes place, and the metal burns almost as brilliantly as in the air. Yel- 
low powder, which acquires by pressure a certain degree of lustre, but 
not the metallic lustre. Heated in a glass tube containing air, it gives 
off sulphur without much combustion, and leaves thorina. It does not 
undergo any change in cold aqua-regia, but dissolves when the mixture is 
heated, giving off nitrous gas and forming sulphate of thorina. Sulphide 
of thorinum is slightly acted on by nitric acid; when dilute sulphuric 
acid is poured upon it, hydrosulphurie acid gas is given off at first; but 
the sulphide does not dissolve to any perceptible extent, even when heat 
is applied. ! 


B. SutpHatse or THortna.—a. Basic Sulphate-—An aqueous solu- 
tion of 6 is mixed with a quantity of ammonia insufficient for complete 
precipitation. The transparent, gelatinous precipitate is partially con- 
verted by washing into hydrate of thorina, and gives up sulphuric acid 
to the water, the quantity extracted being greater in proportion to the 
length of time during which the operation is continued, so that, after 
washing for a short time, the residue contains 23°4 parts, and after long 
washing, only 17:2 parts of acid to 100 parts of thorina. 

b. Monosulphate.—Ignited thorina reduced to fine powder is digested 
for several hours with a mixture of 2 parts of oil of vitriol and 1 part 
of water, till the latter is evaporated; the excess of sulphuric acid is then 
expelled by a gentle heat. The residual salt has an earthy appearance.— 
Mixed with an excess of potassium and heated in a crucible, it is resolved 
into thorina and sulphide of potassium, the action being attended with 
violent detonation, and intense ignition of the crucible; the excess of 
potassium goes off in vapour. 


Anhydrous. Berzelius. 
TO os oncavs Brn 6282 dg 62°77 
BP saute 400 4. 37°18 ie 37°23 
ThO, SO? 107°6_ .... 100°00 ae 100-00 


The salt dissolves readily in cold water, when a large quantity is 


added at once; but slowly, when a small quantity only is poured over it, 


% 


because heat is then evolved. When the solution is evaporated by heat, 
the bihydrated salt separates; but by spontaneous evaporation at ordinary 
temperatures, crystals of the pentahydrated salt are deposited. 

a. Bihydrate.—Formed by evaporating a solution at a temperature 
above 20° (68° F.), or by heating a cold saturated solution to the boiling 
point.—Snow-white, woolly mass, consisting of delicate, flexible needles, 
scarcely soluble in hot water, but dissolving completely, though slowly, in 
cold water. | 

8. Pentahydrate.—Crystallizes from an aqueous solution by spontane- 
ous evaporation (even when the solution contains an excess of sulphuric 
acid, which then remains nearly pure in the mother-liquid), in transparent 
rhombohedrons, which remain unaltered in the air at temperatures under 
15° (59° F.); but when kept in dry air, at higher temperatures, part with 
3 atoms of water and become milk-white, without however falling to 


4 ; 


: a 
a Pe Nk 
ha 


the bihydrated salt. 


Crystallized. Crystallized. 
FOR Fos aca cas fgpiadee 67°6 53°82 ThO: sats dean: 290 eee oe 
MN a can cogde- nies seis 40'0 31°85 SOB © fads dot aimee 40:0 26°21 
Ng odie che sun erine 18°0 14°33 SHO) cues ani 45°0 29°49 
ThO, SO? + 2Aq. 125°6  100°00 ThO, SO?+5Aq. 152°6 100°00 


c. Acid Sulphate.—When 100 parts of the salt are heated with oil 
of vitriol over the flame of a spirit-lamp till no more sulphuric acid passes 
off in vapour, about 119°77 parts of an acid salt remain (consisting of 
1At. of base and about 14 At. acid). 


THORINUM AND BROMINE. 


Hydrated Bromide of Thorinum or Hydrobromate of Thorina.—A solu- 
tion of hydrate of thorina in excess of aqueous hydrobromie acid leaves, 
when evaporated at ordinary temperatures, a tenacious gum, which, from 
decomposition of the excess of acid (and formation of hydrobromite) 
acquires a deep yellow colour. 


THORINUM AND CHLORINE. 


A. CHLoRIDE oF THortnum.—A mixture of thorina and sugar is 
carbonized in a-coyered crucible, and the carbonaceous mass ignited in a 
porcelain tube through which a current of dry chlorine gas is passed: 
decomposition proceeds very slowly. The greater part of the chloride of 
thorinum is deposited in the form of a white, semifused, crystalline mass, 
just where the tube ceases to glow; on second sublimation, it yields bril- 
liant colourless crystals. Chloride of thorinum is decomposed by potassium 
with slight detonation and combustion. 

Hydrated Chloride of Thorinum or Hydrochlorate of Thorina.— 
Chloride of thorinum dissolves in water with great evolution of heat; it 
also deliquesces in the air.—Hydrate of thorina dissolves readily in hydro- 
chloric acid; the solution evaporated to a small bulk solidifies on cooling 
and forms a radiated mass—especially when it contains an excess of acid, 
which renders the salt less soluble. By evaporation at a gentle heat, a 
deliquescent saline mass is obtained, which, in a dry atmosphere, neither 
becomes crystalline nor dries up; but when strongly heated, gives off all 
its hydrochloric acid and leaves pure thorina. The aqueous solution is 
not decomposed or rendered turbid by boiling. The salt likewise dis- 
solves in strong hydrochloric acid (differing in this respect from the cor- 
responding zirconium compound), although more sparingly than in water. 
Both dry and hydrated chloride of thorinum are perfectly soluble in 
alcohol, 
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mo Be OXYCHLORIDE oF THoRINUM.—In the preparation of chloride of 
_ thorinum, a white cloud passes over with the chlorine gas, and con- 

denses in the receiver in the form of a white, amorphous sublimate. Water 
resolves this substance into soluble chloride of thorinum and an inso- 
pee eae of thorina, which does not become visible till the receiver 
is dried. 


THORINUM AND FLUORINE. 


FLuorIDE or THorinum.—When hydrate of thorina is treated with 
excess of hydrofluoric acid, fluoride of thorinum is deposited in the form 
of a heavy, white, insoluble powder.—The excess of hydrofluoric acid 
poured off from the salt contains scarcely anything in solution. Fluoride 
of thorinum is not decomposed by ignition, and but very imperfectly by 
potassium. 


THORINUM AND NITROGEN. 


A. Nitrate oF THormna.—The solution evaporated in a confined 
space over oil of vitriol dries up to a crystalline mass; when evaporated 
in the air, it yields a thick syrup. The salt is very soluble in water and 
in alcohol; the aqueous solution is not rendered cloudy by boiling. 


B. CarBonaTE oF THortmnA AND AmmontA.—The hydrate, carbo- 
nate, and basic salts of thorina dissolve sparingly in a dilute solution of 
carbonate of ammonia; in a concentrated solution, however, they dissolve 
somewhat copiously. The solution heated to 60° in a close vessel 
becomes turbid, from separation of thorina, which, however, is slowly 
re-dissolyed on cooling. Caustic ammonia produces no cloudiness in the 
solution, but on the contrary, restores its transparency when turbid from 
partial precipitation. 


THORINUM AND PoTASSIUM. 


Thorina cannot be made to unite by fusion with caustic potash or 
soda, or their carbonates. If the mixture be put into water after ignition, 
it falls to pieces and forms a white milky liquid; and the finely-divided 

 thorina, like titanic acid, is carried through the filter by the wash-water, 
unless hydrochloric acid, or sal-ammoniac is previously added to it. Tho- 
rina is not rendered soluble in hydrochloric or nitric acid by ignition with 


alkalis. 


A. Carponate or THortna anv Porasu.—The hydrate and carbo- 
nate of thorina are slightly soluble in a dilute solution of carbonate of 
potash, and somewhat copiously in a concentrated solution: the ignited 
earth is insoluble in that liquid. 


B. SutpHate or Tuorina AND Porasu.—1. When crystallized sul- 
phate of potash is immersed in a solution of sulphate of thorina, the 
liquid gradually becomes turbid, and deposits the double salt in the form 
of a white, crystalline powder. If the solution 1s neutral and concen- 
trated, the sulphate of thorina is not completely precipitated, because the 

sulphate of potash becomes enveloped with a coating of the double salt; 
but if to the solution of sulphate of thorina, a boiling saturated solution 
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of sulphate of potash is added, as long as it forms a cloud, the precipi- 
tation on cooling is complete, so that the liquid, even though containing — 
an excess of acid, is quite free from thorina: the double salt is however 
mixed with crystals of sulphate of potash.—2. The salt may also be pre- 
pared by fusing together thorina and bisulphate of potash at a red heat. 
It crystallizes from an aqueous solution by spontaneous evaporation, or 
from’a hot solution, on cooling, in transparent and colourless rectangular 
prisms, which are permanent in the air at ordinary temperatures, but when 
gently heated, part with their water of crystallization and become milk- 
white. The salt dissolves slowly in cold water, but abundantly and with 
ease in hot water; it is perfectly insoluble in water saturated with sulphate 
of potash (thereby distinguished from yttria). The aqueous solution, after 
long continued boiling in a platinum vessel, deposits an insoluble basic salt, 
while bisulphate of potash remains in the solution; but the decomposition 
does not go beyond a certain point. The basic salt is very soluble in 
dilute acids (differing thereby from the corresponding zirconia compound), 
but not in alcohol. It does not combine by fusion with bisulphate of 
potash, 


Crystallized. Berzelius. 
SO} . sith Wie adeadenerarmeotentes a fae a 8 23°16 23°41 
ED OG, .ceniuigeensamtespcekeaer ats 67°6 33°17 33°08 
PL @ Haagen tee iii Saar at 80°0 39°25 38°95 
15 10 Rm Py rt hn Vi oS 9°0 4°42 4°56 
KO, SO? + ThO,SO#+ Aq. = 203°8 100-00 100-00 


C, Bromipe or THorinum anp Porasstum.—Prepared by mixing 
bromide of thorinum with-bromide of potassium.—W hite. 


D. Curorwe or THorinum anp Portasstum.—A mixture of the 
hydrated chlorides of thorinum and potassium is first dried, and after- 
wards ignited in a current of hydrochloric acid gas. A small portion only 
of the chloride of thorinum sublimes, or is decomposed by the water still 
adhering to it.—In combination with water, or as hydrochlorate of thorina 
and potash, it crystallizes irregularly. It is very soluble in water, and 
almost deliquescent. 


E. Frvormer or THortnum anp Porasstum.—Precipitated in the 
form of a white powder on mixing an aqueous solution of a salt of thorina 
with fluoride of potassium, or with any other salt of potash and free 
hydrofluoric acid. The salt is not decomposed by ignition; potassium 
however decomposes it with a slight explosion, but without any emission 
of light. It is insoluble in water. 


F, Nrrratse or Tuoriva anp Potasu.—The solution evaporated in- 
the air to a syrupy consistence solidifies completely in a fibrous mass. 
Very soluble in water and in alcohol. 


THORINUM AND SODIUM. 


Thorina does not dissolve before the blowpipe in carbonate of soda. 
In borax or microcosmic salt it dissolves very slowly; the bead, when 
saturated with the earth, becomes milk-white on cooling; a less saturated 
globule remains transparent, and is not rendered turbid, even by flaming. 


i 
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CHAPTER XIV. 


ZIRCONIUM. 


Klaproth. Zirconia. Beitrdge, 1, 203 and 227. 
Guyton-Morveau. Zirconia. Ann. Chim. 21, 72. 


Vauquelin. Zirconia. Ann. Chim. 22, 179. 

Berzelius. Zirconia. Schw. 21, 40.—Zirconium and Zirconia... Pogg. 
APULT OS Es | 

Pfaff. © Zirconia.” Schw: 28, 102. 

Chevreul. Zirconia. Ann. Chim. Phys. 13, 245; also Schw. 29, 144. 

Hermann. Buchner’s Repert. 35,117; Ann. Pharm. 52, 440, 1844. 


History. Zirconia was discovered by Klaproth in 1789. In 1824, 
Berzelius eliminated the metal zirconium from it, and gave a more exact 


account. of its chemical! relations. 


Sources. Rare. Found as an oxide combined with silica in Zircon 
(and Hyacinth) and in Eudialite; with titanic acid in Polymignite, Aeschi- 
nite, and Oerstedite; and with tantalic acid (to the amount of 3 per cent.) 
in Fergusonite. 


Preparation, In an iron tube 4 of an inch wide and 11 inches long, 
closed at bottom, and contained in a platinum crucible not much larger 
than itself and furnished with a cover, a mixture of dry powdered fiuo- 
ride of zirconium and potassium arranged with potassium in alternate 
layers, is heated over the flame of a spirit-lamp. The heat is applied 
gently at first—the mixture being frequently stirred with an iron wire; 
afterwards the temperature is raised to low redness—whereupon, if 
the double fluoride is perfectly dry, reduction takes place without any 
noise or appearance of combustion. A tube of glass may also be used 
instead of an iron tube; but in that case silicium is reduced from the 
glass, and as the tube cools, cracks off and contaminates the zirconium. 


The mass when. cold is digested in water, on the addition of which, a 


slight evolution of hydrogen gas takes place, and the zirconium is sepa- 
rated. It is then washed with cold water; and in order to get mid of 
the hydrate of zirconia mixed with it—which is formed by the action 
of the potash on the remaining silico-fluoride of zirconium (the potash 
itself being produced from the potassium by decomposition)—1t 1s, while 
still wet, digested for six hours at a temperature between, 40° and 50°, 
with a mixture of equal parts of hydrochloric acid and water, which, 
by slightly acting on the zirconium, gives rise to the evolution of a small 


quantity of hydrogen gas. The whole is then thrown upon a filter, and 
Z 
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the zirconium washed, first with water containing sal-ammoniac, and 
lastly with alcohol. (By washing with pure water, the whole of the zir- 
conium would be carried, in a state of minute division, through the pores 
of the filter, (Berzelius.)—The earlier attempts of Sir H. Davy (G20. 32, 
392) to obtain zirconium were attended with less satisfactory results. 

Becquerel (Ann. Chim. Phys. 48, 337) introduced into the tube 6 
(App. 8) a concentrated solution of chloride of zirconium, mixed with 
a small quantity of chloride of iron (without this, the decomposition would 
not take place); filled the tube a@ and cup ¢ with a solution of common 
salt; and passed the positive electrode of a voltaic battery of 30 pairs into 
the tube a, and the negative electrode into the tube 6. The negative pla- 
tinum wire first became grey, and in the course of 24 hours was covered 
with steelgrey, four-sided tables, first of zirconium containing iron, but 
afterwards of pure zirconium. These crystals yielded readily to the blow 
of a hammer; and were rapidly converted by oxidation into a white mass, 
not only on exposure to the air, but even in the liquid in which they were 
produced. This change took place as soon as the current of electricity 
was interrupted, and was attended with evolution of hydrogen gas. This 
oe oxidability was attributed by Becquerel to the presence of a trace 
of iron, 


Properties. Black, coherent powder resembling charcoal in appear- 
ance; may be compressed by the burnishing steel into thin, shining scales 
resembling graphite, of a grey colour and some degree of metallic lustre: 
these scales, however, do not conduct the current of a hydro-electric pair. | 
Zirconium may be heated in vacuo or in an atmosphere of hydrogen gas to 
the melting point of glass, without fusing or undergoing any change (but 
if hydrate of zirconia is present, the metal becomes heated to redness, by 
absorbing the oxygen of the water combined with the zirconia). Unig- 
nited zirconjum diffuses itself through water in so fine a state of division, 
that it passes through the filter; the addition of hydrochloric acid, saline 
substances, &c., instantly causes it to aggregate into large flakes. But if 
it be left at rest, and especially if heat be applied, the zirconium separates 
from the water and falls down to the bottom, but only after a considerable 
lapse of time. (Berzelius.) | 


Compounds of Zirconium. 
ZIRCONIUM AND OXYGEN. 


Zirconta. ZrO. » 
Zirconerde, Zirkonium-oxyd, Hyacintherde, Zircone. 


Formation.—1. Zirconium takes fire in the air at temperatures consi- 
derably below redness, and burns with a brilliant light, though tranquilly, 
and forms zirconia, white and free from potash. If the metal is mixed 
with hydrate of zirconia, the combustion is attended with a kind of explo- 
sion, and the materials are scattered about; if carbon is present, it becomes 
so surrounded by the earth that it is not consumed, and gives a dusky 
hue to the zirconia. Zirconium ignited in vacuo, and exposed to the air 
as soon as it cools, becomes so much heated that it takes fire; but if, after 
ignition, it is first brought into contact with air in a narrow tube, it 
neither takes fire at that time, nor when subsequently thrown out into the 


crucible; reduces the cooled mass to powder; 
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-air.—2. With the hydrates of the fixed alkalis, hydrate of zirconia, or 


hydrated borax, zirconium explodes on the application of heat, absorbing 
the oxygen of the water. Heated with carbonate of potash or soda, it 
combines with the oxygen of the carbonic acid, the decomposition being 
attended with a slight explosion. It decomposes chlorate and nitrate of 
potash, but only at a red heat; a mixture of chlorate of potash and zirco- 
nium takes fire when smartly struck, but does not detonate-—3. Aqua- 
regia, oil of vitriol, and concentrated hydrochloric acid, oxidize zirconium 
only at a boiling héat and but slowly, the latter evolving hydrogen gas. 
Hydrofluorie acid dissolves it even in the cold, with disengagement of 
hydrogen gas; a mixture of hydrofluoric and nitric acids dissolves it with 
great rapidity. (Berzelius.) 


Preparation. Zircon (which consists of silica and zirconia, with a 
very small quantity of sesquioxide of iron) or hyacinth, is, in the first 
place, very finely pounded: the oxide of iron may then be partially sepa- 
rated by digestion in hydrochloric acid.—As zircon is frequently found 
mixed with spinelle, garnet, &c., it should be previously ignited—whereby 
its colour is destroyed, while that of the other gems remains unaltered— 
and the colourless crystals of zircon picked out. (Berzelius.)—The decom- 
position and further treatment of the zircon is then conducted as follows: 

a. Decomposition of the Zircon.—\. Klaproth and Berzelius fuse the 
pounded mineral at a gentle heat with 4 or 5 parts—Chevreul, and Dubois 
& Silveira, with 2 parts of hydrate of potash, the materials being put into 
a silver crucible, and kept at a gentle heat for an hour ortwo. The 
cooled mass is then digested in hot water, as long as the water con- 
tinues to dissolve out any silicate of potash. The insoluble residue 
consists of silicate of zirconia and potash (a, 1) mixed with sesquioxide of 
iron.—2. Berzelius gently ignites a mixture of one part of zircon and 
3 parts of carbonate of potash in a platinum crucible; and introduces 
hydrate of soda from time to time, in small pieces, into the middle of the 
mixture—taking care that it does not come in contact with the crucible— 
whereupon the hydrate fuses and is absorbed by the porous mass. This 
mode of proceeding prevents the spitting which would otherwise be pro- 
duced by the escape of the water contained in the hydrate of soda. The 
covered crucible is then exposed for three quarters of an hour to a heat 
approaching whiteness.—3. Wohler (Berzelius, Lehrb. 2, 391) introduces 
an intimate mixture of one part of powdered zircon with 4 parts of dry 
carbonate of soda into a platinum crucible fitted with a cover; places this 
in an earthen crucible—the bottom of which is covered with magnesia to 
prevent the platinum from adhering to it; and ignites strongly for halt an 
hour in a wind-furnace. The mass becomes fused and perfectly disinte- 
grated.—4. Berthier (Ann. Chim. Phys. 50, 362; also Ann, Pharm. 5, 246) 
fuses one part of zircon with 3 parts of hydrate of soda at a gentle heat in 
asilver crucible, or with 3 parts of dry carbonate of soda ata high tempe- 
rature in a platinum crucible. He prefers soda, because potash produces 
with the zirconia a double salt which is difficult to decompose. The mass 
is diffused in a large quantity of cold water; the solution decanted; and 


the greater part of the soda and silica separated by repeated washing with 


water, and decantation.—5. Berthier first fuses the zircon at a gentle 
heat with 2 parts of hydrate of soda in a silver crucible, and pele 
the mass in a charcoal crucible to a full Mie a Push ee ae 
1D f zi and 2 parts of carbonate of soda 1 
@ mixture of 1 part of zircon Pp mixes it with’l part of euls 
Z 2 


‘oa i ane 
Tn 


SEES RTT PERRO 4 La Gt arin onl tye a neh SSAC TY. 57) qm ee aR et a 


340 _ ZIRCONIUM. 


phur (to 1 part of zircon), and ignites the mixture in a charcoal crucible 


at such a temperature that the mass may remain for some time in a pasty 
state. The reddish-grey, blistered, and somewhat crystalline mass 1s 
pounded when cold; then diffused through a large quantity of water 
freed from atmospheric air by boiling; and the solution, which contains 
sulphide of sodium together with sulphide of iron, is decanted from the 
zirconia. The separation of the iron from the zirconia is facilitated by con- 
verting the sesquioxide of iron into sulphide.—7. Berthier (Ann. Chim. 
Phys. 59, 192) places a mixture of 10 parts of zircon, 3°3 parts of quartz, 
and 11°1 parts of marble in a charcoal crucible, and heats it in a blast-fur- 
nace. The iron is reduced, and may be detached from the stony mass by 
the blow of a hammer. One part of zircon likewise fuses completely with 
2°4 parts of litharge.—8. Wohler (Pogg. 48, 94) proposes to pass chlorine 
gas over a mixture of powdered zircon and charcoal ignited in a tube of 
porcelain or very hard glass, whereby the chloride of silicium will be 
volatilized and the chloride of zirconium sublimed in combination with 
zirconia, and in such a state as to be perfectly soluble in hydrochloric acid. 

b, Further treatment of the disintegrated mass.—1. Kiaproth dissolves 
the powder (a, 1) in dilute hydrochloric: acid (it requires long digestion 
and heating); filters to separate any zircon that may remain unacted on; 
and throws down the hydrate of zirconia—contaminated with hydrated 
sesquioxide of iron—by means of caustic potash.—?. Chevreul mixes the 
powder (a, 1) with hydrochloric acid to the consistence of a thick paste; 
introduces“ it into a long glass tube tapering towards the bottom; and 
suffers concentrated hydrochloric acid to trickle through it, till that which 
passes through is no longer blackened by sulphuretted hydrogen—a proof 
that it no longer contains any silver from the crucible—and till it gives 
with hydrosulphate of ammonia, a pure white precipitate of hydrate of 
zirconia, thereby showing the absence: of iron. (The hydrochloric acid in 
passing through dissolves a portion of the zirconia: Berzelius.) ‘The chlo- 
ride of zirconium still remaining in the tube is then dissolved in water; 
filtered; and the hydrate of zirconia thrown down by ammonia. Accord- 
ing to Berzelius, the acid hydrochlorate of zirconia contaminated with 
iron may be evaporated to the crystallizing point, and the crystals purified 
from oxide of iron by digestion in concentrated hydrochloric acid, in which 
they are but very sparingly soluble: the crystals may then be dissolved 
in water and the solution precipitated as before by ammonia.—3. Dubois 
& Silveira (Ann. Chim. Phys. 14, 111; also WV. Zr. 5, 2, 489) evaporate 
the hydrochloric acid solution of (a, 1) carefully to dryness; exhaust the 
residue with water acidulated with hydrochloric acid, which leaves the 
silica undissolved; and precipitate zirconia and sesquioxide of iron from 
the filtered solution by excess of ammonia. They then wash the precipi- 
tate thoroughly; boil it with solution of oxalic acid; separate the ferric 
oxalate by filtration and washing, from the insoluble oxalate of zirconia; 
and either ignite the latter to obtain the pure earth, or decompose it with 
potash to obtain the hydrate.—4. Berzelius dilutes the hydrochloric acid 
solution of (a, 1) with water, and boils it for a quarter of an hour. Basic 
hydrochlorate of zirconia free from iron is then thrown down, and may be 
separated from the acid, either by ignition or by digestion with caustic 
potash.—5. Or he saturates the neutral solution with sulphate of potash, 
whereby a basic sulphate of zirconia and potash is formed; washes this 
double salt with a saturated solution of sulphate of potash; and digests 
with solution of potash. The zirconia is thereby separated in the form 
of hydrate, which is washed and dried.—The ‘solution after being treated 
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with sulphate of potash, still contains a portion of zirconia together with 
the oxide of iron; both bases may be thrown down by potash; the preci- 
pitate dissolved in a small quantity of hydrochloric acid; and the zirconia 
again separated by the addition of sulphate of potash.—6. Berzelins dis- 
solves the. ignited mass (a, 2) after cooling, in dilute hydrochloric acid; 
filters from undecomposed zircon; evaporates the filtrate nearly to dry- 
ness; dilutes with water; and separates the solution from the silica by 
filtration. ' He then adds an excess of ammonia; dissolves the precipi- 
tated hydrates of zirconia and ferric oxide in tartaric acid; supersaturates 
the liquid with ammonia; mixes the clear solution with bi-hydrosulphate 
of ammonia, which precipitates the iron in the form of protosulphide; 
puts the mixture into a stoppered bottle, and leaves it in a warm place 
till the precipitate has settled down; pours off as much of the solution as 
possible, and filters the rest—without however washing the sulphide of 
iron—as @ portion of iron might thereby be imparted to the liquid—and 
finally evaporates to dryness and. ignites, till nothing*but pure, white zirco- 
nia is left behind.—7. Berthier treats the insoluble residue (a, 4) with 
cold, moderately strong hydrochloric acid; adds water, which dissolves 
nearly the whole; evaporates toa small bulk; separates the solution from 
the insoluble silica; dilutes it with a considerable quantity of water; and 
saturates it with hydrosulphuric acid. Any precipitate of sulphide of 
copper that. may be formed (the copper being derived from the silver 
crucible) must be separated by filtration. The liquid is then mixed with 
excess of ammonia, which throws down a mixture of hydrate of zirconia 
and protosulphide of iron; and the precipitate—after being separated from 
the liquid, by leaving it to subside in a stoppered bottle and decanting— 
is mixed with such a quantity of aqueous sulphurous acid that the odour 
of the acid may remain permanent. The sulphurous acid dissolves the 
whole of the iron in the form of ferrous sulphite. The perfectly white 
hydrate of zirconia which remains undissolved, is lastly to be washed with. 
water. A small quantity of zirconia is dissolved by the excess of sul- 
phurous acid, together with the oxide of iron; but by boiling the liquid 
till the excess of acid is expelled, the zirconia is completely precipitated 
without the slightest admixture of iron.—8. Berthier digests the residue 
(a, 6)—freed by water from the sulphides of iron and sodium—in a small 
quantity of hydrochloric acid, and thereby dissolves out the rest of the 
iron and a small quantity of zirconia. The remaining zirconia merely 
requires to be freed from silica. The small quantity of zirconia contained 
in the ferruginous hydrochloric acid solution, may be precipitated by the 
cautious addition of carbonate of ammonia or carbonate of soda, the iron 
in the liquid being in the state of protoxide. 

‘I Scheerer (Pogg. 59, 48) fuses zircon with four times its weight of 
carbonate of soda, and digests the residue in pure water. The water 
dissolves out silicate of soda, together with the excess of carbonate, and 
leaves behind a heavy, white, insoluble compound of zirconia and soda, 
together with light flakes of oxide of iron, oxide of manganese, and other 
foreign substances, which float about in the liquid when it is agitated. 
The supernatant liquid is poured off, with as much of the impurities as 
possible—fresh water added—and the treatment repeated till nothing but 
the heavy white powder remains. This substance may be collected on a 
filter and washed, if necessary, but not too long; for it is gradually decom- 
posed by water, zirconia passing through the filter in the peculiar state in 
which it resists the action of acids. On pouring hydrochloric acid over 
the salt, it becomes heated, and swells up considerably, but without evolu- 
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tion of gas. On adding water to the swollen mass, a clear solution is 
obtained, from which ammonia precipitates pure, snow-white hydrate of 
zirconia. The precipitate may then be collected on a filter, and thoroughly © 
washed with pure water, to free it from the adhering solution. 1 

The hydrate of zirconia obtained by most of these processes may be 
converted into the pure earth by ignition. 


Properties. White powder, rough to the touch; scratches glass (when 
formed into hard lumps by igniting the hydrate without previously reducing 
it to powder: Berthier). At the heat of a smith’s forge, it fuses imper- 
fectly, and forms a grey mass of specific gravity 4°35, which resembles 
porcelain in appearance, gives sparks with steel, and scratches glass. 
(Vauquelin.) According to Sir H. Davy, it even scratches rock-crystal. 
According to Berzelius, pure zirconia is infusible; that which fuses con- 
tains potash. In the blowpipe flame, it emits a light of unusual splendour. 
(Berzelius.) It is tasteless and inodorous. 


Calculation. Berzelius. 
UO Ma pope. alter thee AOR ay Js 53 sts gad Mh ene 73°686 
Cae, eee Cay een OG ean) eke 26°314 
Girt) sais 30:4 2..6:-100°00) se eae 100°000 


(Zr2O3 = 2.4202 + 3.100 = 1140-4. Berzelius.) 


Decompositions. By the simultaneous action of charcoal and chlorine. 
By electricity, in the presence of mercury, potassium, or sodium? By 
potassium at a white heat? — 


Combinations—a. With water: Hyprate or Zirconita.—For the 
oreparation, see that of the earth.--When freshly precipitated, it is a 
white, bulky, semi-gelatinous mass; when dried, it shrinks up and forms a 
yellowish, shining, translucent, gummy mass, having a conchoidal fracture. 


(Vauquelin.) 


Calculation. Berzelius. H. Davy. | Klaproth, 
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The water is expelled at a temperature considerably below redness; 
and if the heat be raised to low redness, after all the water has been 
driven off, the peculiar incandescence first observed by Sir H. Davy is 
produced (I., 107). According to Chevreul, the incandescence is pre- 


ceded by blackening. (This, according to Hermann, arises from the 
presence of impurities. ) 


6. With acids, forming the Satts or Zirconta.—The affinity of acids 
for zirconia is very slight. Zirconia, which has been heated to incandes- 
cence, is no longer soluble in any acid, excepting sulphuric acid: if it be 
finely pounded, and slowly digested in a heated mixture of 2 parts of oil 
of vitriol and 1 part of water, till the water and excess of acid are driven 
off, a residue is left consisting of soluble sulphate of zirconia. The 
hydrate, when precipitated and washed in the cold, and the carbonate 
precipitated in the cold, dissolve readily in acids; but, if the hydrate has 
been precipitated hot, or washed with boiling water, it dissolves only in 
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concentrated acids, and after long digestion at a high temperature. The 
hydrate is not soluble in boiling solutions of ammoniacal salts (Berzelius) ; 
or in solutions of alkaline carbonates, even when it is freshly precipitated 
(Hermann). The soluble salts of zirconia have a strong, purely astrin- 
gent, sour taste, and redden litmus, When strongly heated, they give up 
their acid, provided the acid is of such a nature that it can be volatilized 
or decomposed by heat. The precipitates produced in solutions of 
zirconia-salts by various reagents are as follows: Pure alkalis and alkaline 
hydrosulphates act upon solutions of zirconia in the same manner as upon 
the solutions of the preceding earths, thorina perhaps excepted—that is to 
say—they produce a precipitate of hydrate of zirconia, insoluble in excess 
of the reagent (and containing a small quantity of the alkali obstinately 
adhering to it: Hermann). The precipitation by the alkaline hydrosul- 
phates is attended with evolution of hydrosulphuric acid. The alkaline 
carbonates—and carbonate of lime, according to Kobell—give a precipi- 
tate of carbonate of zirconia, which is soluble in excess of monocarbonate 
or bicarbonate of ammonia, potash, or soda, especially if the zirconia-salt 
be added by degrees to the excess of alkaline carbonate, and the liquid . 
agitated. Hermann states that, when an alkaline carbonate is added to 
a neutral solution of zirconia, the first portions give rise to the formation of 
a soluble basic salt, and a further quantity throws down an insoluble basic 
salt, with evolution of carbonic acid. This basic salt, however, dissolves 
in an excess of the reagent, forming a double carbonate. The alkaline 
sulphites behave in a similar manner. (Ann. Pharm. 52, 240.) I Phos- 
phoric acid and phosphate of soda produce a white precipitate of phosphate 
of zirconia. Sulphate of potash after a short time, even with excess of acid 
present, throws down basic double sulphate of zirconia and potash, soluble 
in a large quantity of hydrochloric acid, when precipitated from a cold 
solution, but scarcely soluble when precipitated from a hot solution. Sul- 
phate of soda causes no precipitation; sulphate of ammonia sometimes 
only, the precipitate thereby produced being more easily soluble in water 
and acids. (Berzelius.) Oxalic acid: floculent oxalate of zirconia, soluble 
in a large excess of hydrochloric acid (Vauquelin, H. Rose); according to 
Pfaff, oxalate of ammonia precipitates the hydrochlorate, but not the 
sulphate of zirconia. Alkaline tartrates: white tartrate of zirconia, 
soluble in caustic potash. Alkaline benzoates and succinates: white 
benzoate or succinate of zirconia. Tincture of galls: copious white, 
(Vauquelin), yellow (Berzelius), and—by concentrating the solution— 
gelatinous precipitate (Chevreul), soluble, according to Vauquelin, in 
excess of the tincture. The zirconia-salts are not precipitated by zine or 
tin (Pfaff); by sulphuric acid, unless potash is also added (Berzelius); by 
citric acid, or the alkaline citrates, even with the aid of heat (Berzelius); 
or by ferricyanide of potassium. According to Berzelius, ferrocyanide 
of potassium likewise causes no precipitate; but according to Pfaff, it 
produces a greenish-white, and, according to Chevreul, a white precipitate, 
soluble in excess of the reagent. | 


ZIRCONIUM AND CARBON. 


A. Carsipe oF Zirconium.—Formed when zirconium is prepared 
with potassium containing carbon. It resembles pure zirconium in 
external appearance; but, when dissolved in hydrofluoric acid, leaves a 
residue of carbon; with boiling hydrochloric acid, it evolves hydrogen 
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gas which smells like that prepared from cast-iron. When burnt, it yields 
zirconia which is not perfectly white, because a portion of the carbon 
remains unconsumed.: (Berzelius.) | | 


B. Carponate or Zrrconta.—Formed when a salt of zirconia 1s 
precipitated in the cold by carbonate of potash. White powder, which 
according to Klaproth, contains 51°5 per cent. of earth, 7 of acid, and 
41:5 of water; according to Vauquelin, 55°5 per cent. of earth, and 44°5 
of acid, together with water which is evolved at a gentle heat. 


ZIRCONIUM AND Boron. 


Borate or Zrrconta.—Prepared. by precipitating a salt of zirconia 
with borax. White powder, insoluble in water. 


ZIRCONIUM AND PHOSPHORUS. 


PHospHATE oF Zirconta—White; insoluble in water. 


ZIRCONIUM AND SULPHUR. 


SunpuipeE of Zrrcontum.—When zirconium is heated in yacuo with 
sulphur, combination takes place without emission of light and heat; but 
when the same substances are heated in a vessel full of hydrogen gas, a 
slight combustion is observed. Dark cinnamon-coloured powder, which 
does not acquire any lustre under the burnishing-steel, and is a non-con- 
ductor of electricity. Fused with potash, it yields zirconia and sulphide 
of potassium. It dissolves very readily in hydrofluoric acid, giving off 
sulphuretted hydrogen; in boiling aqua regia it dissolves very slowly. 


B. Sutpnite oF Zirconta.— White, insoluble in water; according to 
Berthier, however, it is slightly soluble in an aqueous solution of sulphur- 
ous acid, from which it is again thrown down on boiling. |. | 


C. Sunpnatrr or Zrrconta.—a. Trisulphate.. A solution of the salt ¢ 
is precipitated by alcohol, and the precipitate washed first with alcohol 
and then with water; or a solution of the salt 6 is largely diluted with 
water. White flakes, insoluble in water but soluble in hydrochloric acid. 
(Berzelius.) 


Calculation. oh Berzelius. 
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Hermann mentions a sex-basic sulphate. 


b. Disulphate. Formed by saturating a-concentrated solution of the 
salt c with hydrate of zirconia. On evaporating the liquid, a mass of salt 
is obtained which is gummy and fissured at first, but when further dried 
becomes white and opaque. ‘The salt, when heated, swells up like alum, 
and parts with its water; but a white heat is required to expel the acid, 
The salt dissolves in a very small quantity of water. By a larger addi- 
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tion of water, the solution is resolved into the salt a, which is precipitated, 
and the salt c, which remains in solution. (Berzelius.) 


; Calculation. Berzelius. 
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c. Monosulphate.—Zirconia or hydrate of zirconia, free from potash, 


is dissolved in an excess of sulphuric acid; the solution evaporated to 


dryness; and the residue heated for a quarter of an hour at a temperature 
just below redness. The salt loses the whole of its acid at a full red heat, 

Hydrated.—A neutral solution of the salt yields on evaporation a 
gummy mass, which, when further dried, becomes white and full of 
fissures. If, however, the solution contains free acid, hydrated crystals 
are obtained, which may be freed from adhering acid by means of alcohol. 
The crystals fuse when heated, giving off their water, and swelling up 
like alum. 

The anhydrous salt dissolves very slowly but completely in cold, and 
rapidly in hot water. Ammonia added in excess to the solution, pre- 
cipitates pure zirconia free from sulphuric acid. Alcohol throws down 
a mixture of the monosulphate and trisulphate, which, after being washed 
for a considerable time with alcohol, is entirely converted into the 
trisulphate of zirconia. (Berzelius.) The crystallized salt, as obtained 
by Vauquelin and Klaproth, contains, according to Berzelius, a small 
quantity of potash. 
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ZIRCONIUM AND SELENIUM. 


SELENITE oF ZircontA.—White powder, which parts with its acid 
when ignited. It is insoluble in water, but soluble inan aqueous solution 
of selenious acid. (Berzelius.) 


ZIRCONIUM AND BROMINE. 


Hydrated Bromide of Zirconium, or Hydrobromate of Zirconia.— 
A solution of hydrate of zirconia in aqueous hydrobromic acid yields, 
after evaporation and standing for several days, granular crystals, which 
have a slightly astringent taste, and are resolved by heat into hydrobromic 
acid and zirconia. (Berthemot, Ann. Chim. Phys, 44, 393.) 


ZIRCONIUM AND CHLORINE. 


A. Cutoripr or Zirconrum.—1. Zirconium gently heated in chlo- 
rine gas takes fire and burns, forming a white substance which does 


not volatilize. (Berzelius.)\—2. A mixture of zirconia (or zircon) and 


charcoal, ignited in a current of chlorine gas, yields (besides the chloride 
of silicium evolyed when zircon is used) a white sublimate. (Wohler, 
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Pogg. 48, 94.) Chloride of zirconium prepared by either method, leaves, — 
when digested in water, a portion of zirconia undissolved; in hydrochloric 
acid, however, it dissolves completely. 


Hydrated Chloride of Zirconium, or M onohydrochlorate of Zirconia.— 
Chloride of zirconium is dissolved in water, or hydrate of zirconia in 
aqueous hydrochloric acid, sand the solution evaporated to the erystal- 
lizing point. The mother-liquor contains the excess of hydrochloric acid, 
together with a very small quantity of zirconia. Small colourless 
needles, having a silky lustre and rough taste. In the air at a tempe- 
rature of 50° (122° F'.), they become opaque, and lose half their acid 
together with their water of crystallization; the other half of the acid is 
wholly driven off by exposure to a stronger heat. The crystals are readily 
soluble in water and alcohol, but dissolve very sparingly in concentrated 
hydrochloric acid. The aqueous solution, however dilute, yields no preci- 
pitate on-boiling. When it is evaporated to dryness at a temperature of 
60° (140° F.), half the acid is expelled, and the salt is converted into an 
anhydrous residue of di-hydrochlorate of zirconia. (Berzelius.) Hermann 
likewise mentions the existence of a bi-hydrochlorate and a tri-hydro- 
chlorate of zirconia. (Vid. seq.) 


B. Hypratep OxYCHLORIDE OF ZIRCONIUM, or DI-HYDROCHLORATE OF 
Zrrconta.—A solution of the crystallized hydrochlorate of zirconia gives 
off part of its hydrochloric acid on evaporation, and leaves a yellowish, 
gummy mass, containing one atom of zirconia with one atom of chioride 
of zirconium, besides water. Water dissolves this substance slowly but 
completely. When. the solution diluted with an additional quantity of 
water is boiled for an hour, it deposits the greater part of the earth as a 
still more basic salt, in the form of a transparent, gelatinous precipitate, 
which stops up the pores of a filter, and dries up to a yellowish, transpa- 
rent, fissured mass. (Berzelius.) 


ZIRCONIUM AND FLUORINE. 


Hypratep FiuoripE or Zirconium, or HyDROFLUATE OF ZIRCONIA. 
—Hydrofluoric acid continues to dissolve zirconia till the liquid no longer 
exhibits an acid, but merely a rough taste. By evaporating this solution, 
a crystalline salt is obtained, which is resolved by water into a soluble 
acid salt and a basic salt which remains undissolved. On boiling the 
solution, a further partial precipitation of the earth takes place, and the 
liquid becomes still more acid. (Berzelius.) 


ZIRCONIUM AND NITROGEN. 


A. Nitrate or Zrrconta.—A ‘solution of hydrate of zirconia in 
nitric acid, yields on evaporation a yellow, glutinous, gammy mass, which 
tastes rough and sour, and loses its acid when heated. The salt, after 
being dried at a temperature not above 100°, is still perfectly soluble in 
water; and the solution has the power of taking up a large additional 
quantity of zirconia, in consequence of the formation of a soluble basic 
salt. Hence, a large quantity of alkali may be added to the solution 
before a permanent precipitate is produced. (Berzelius.) According to 
Vauquelin, water dissolves only a portion of the residue left by evapo- 
rating the nitric acid solution to dryness, the greater part being left 
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behind in the form of viscid lumps (of basic salt?). Hermann mentions a 
dinitrate and trinitrate of zirconia. 


B. CARBONATE oF ZIRCONIA AND AmMonrtA.—Monocarbonate or 
bicarbonate of ammonia dissolves the hydrate of zirconia very slowly 
and imperfectly, but the carbonate of zirconia with greater facility, 
especially when small quantities of a salt of zirconia are added to an 
excess of carbonate of ammonia, and the liquid frequently stirred. But 
if any of the earth should be precipitated, it often remains undissolved for 
several hours. On boiling the solution, the zirconia is completely pre- 
cipitated in the form of hydrate, free from carbonic acid, even before the 
excess of carbonate of ammonia is driven off. From a solution in bicar- 
bonate of ammonia, the zirconia separates in the form of a white powder; 
but from the monocarbonate, it is deposited in transparent, gelatinous 
lumps. (Berzelius, Pogg. 4, 143.) 


C. SULPHATE OF ZirconrA AND AmMmontA.—Frequently, but not 
always precipitated on mixing concentrated solutions of sulphate of 
ammonia and neutral sulphate of zirconia. Soluble in hot and cold water, 
and also in acids. (Berzelius.) 


D. AMMONIO-CHLORIDE oF ZiRconrIuM.—Chloride of zirconium absorbs 
ammoniacal gas at ordinary temperatures. (Persoz.) 


ZIRCONIUM AND POTASSIUM. 


A. Zirconta witn Porasu.—Zirconia ignited with hydrate of potash 
is not thereby rendered soluble in water, which merely separates the 
excess of potash, but appears to combine with a portion of the alkali, 
and is rendered soluble in acids. (Berzelius.) 


B. CARBONATE OF ZIRCONIA AND Potasu.—Hydrate of zirconia is 
perfectly insoluble in carbonate of potash, and freshly precipitated carbo- 
nate of zirconia dissolves but very slowly. When a salt of zirconia is 
added, drop by drop, to an excess of carbonate of potash, and the liquid 
frequently agitated, solution takes place immediately; bicarbonate of 
potash is a better solvent than monocarbonate. Hence, when the 
former solution is boiled, whereby the carbonic acid is expelled, it 
deposits a portion of the zirconia in the form of a hydrate. The earth is 
also deposited, though in small quantity, when the solution is mixed with 
ammonia, which combines with the excess of acid in the bicarbonate. 
The rest of the zirconia may be thrown down by boiling the solution with 
sal-ammoniac. (Berzelius.) 


C. SunpuatE oF ZIRCONIA AND Potasu.—a. Bisulphate of potash 
in a state of fusion dissolves zirconia, forming a mixture which is per- 
fectly clear while in the fluid state. Ifa large excess of bisulphate of 
potash is present, the mass when cold dissolves completely in water; but 
when the quantity of that salt is smaller, the fused mass is decomposed 
by water, into bisulphate of potash which dissolves, and the salt 6 which 
remains undissolved. | 

6. From neutral solutions of zirconia-salts, sulphate of potash, added. 
either in crystals or in saturated solution, gradually separates the whole 
of the zirconia in the form of a crystalline, basic double salt, while a por- 
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tion of the sulphate of potash is converted into bisulphate and remains 
in solution. If excess of acid is present, a portion of the zirconia 
still remains dissolved, but is precipitated on neutralizing with potash. 
The same precipitate is likewise produced on mixing sulphate of zirconia 
with any salt of potash. This salt appears to consist of sexbasic sul- 
phate of zirconia, and likewise contains a very small quantity of sulphate 
of potash. The zirconia, however, is present in a peculiar state, in which 
it is less soluble than in its ordinary form. The salt dissolves very 
sparingly in water, and is again precipitated by sulphate of potash; after 
being washed with a small quantity of water only, it dissolves with 
tolerable facility in acids, especially when aided by heat. If, however, 
it be thoroughly washed, or boiled, either in the liquid from which it is 
precipitated, or in water, it then becomes nearly insoluble in water 
and acids, and requires a large quantity of strong acid to dissolve it. 
After ignition—by which it loses water and sulphuric acid—it is insoluble 
in boiling oil of vitriol. Fusion with potash renders it only partially 
soluble in acids; but if it be fused with a large quantity of bisulphate of 
potash, and then digested in water, the sulphate of potash is dissolved 
out, and the double salt is left behind in the condition which it exhibits 
when just precipitated. Solution of ammonia or carbonate of potash 
decomposes this salt imperfectly; carbonate of ammonia dissolves it, but 
on boiling deposits it again in its previous state of insolubility in acids. 


(Berzelius. ) 


D. Frvoriwe or Zrrconrum AND PotasstuM.—a. With a small pro- 
portion of Fluoride of Zirconium.—Formed when concentrated hydrofluate 
of zirconia is added drop by drop to an excess of hydrofluate of potash.— 
b. With a larger proportion of Fluoride of Zirconium.—Formed by drop- 
ping hydrofluate of potash into an excess of hydrofluate of zirconia. 

In both cases, a precipitate is formed, which, when dissolved in hot 
water, and then evaporated or subsequently cooled, yields small granular 
crystals, which, at.a red heat, neither part with water nor undergo any 
other change. When heated with potassium, they yield zirconium, and are 
sparingly soluble in cold, but more abundantly in hot water. (Berzelius.) 


Crystallized, a. 
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ZIRCONIUM AND SODIUM. 


With soda and carbonate of soda, zirconia behaves precisely in the 
same manner as with potash. 

With carbonate of soda, borax, and microcosmic salt, before the blow- 
pipe, it behaves like yttria, except that it dissolves more slowly in the 
latter salt, and more quickly renders it turbid. (Berzelius.) 


ZIRCONIUM AND CALCIUM. 


ZIRCONIA WITH LimE.—dZirconia ignited with lime forms a green, 
slightly coherent mass. (Morveau.) 


ZIRCONIUM AND ALUMINUM. 


ZIRCONIA wita ALuMINA.—The two earths may be fused together. 


OTHER CoMPOUNDS OF ZIRCONIUM. 


With won and with mercury. 


{| From the experiments of Svanberg, it appears that zirconia is not 
a simple earth, but a mixture of three, or perhaps even a greater number 
of metallic oxides; and that these oxides are present in different propor- 
tions in the zircons obtained from different localities (e.g. Siberia, Nor- 
way, and Ceylon), and in the hyacinth from Expailly, in France. The 
atomic weight of these earths (supposing them to be sesquioxides, expressed 
by the general formula R°0*) vary between 75 and 105-6, the mean of 
which, 91°2, is the atomic weight assigned by Berzelius to zirconia 
regarded asa simple earth—No method of completely separating these 
earths has yet been discovered; but it has been found: (1.) That the oxa- 
late of one of them is less soluble in acids than the oxalates of the rest. 
(2). That the chloride of the radical of one of the earths is less easily 
soluble in hydrochloric acid than the corresponding compounds of the 
other radicals. (3.) That the sulphate of one of them, when mixed with 
a large quantity of free sulphuric acid, crystallizes much more easily than 
the sulphates of the rest, and likewise in a peculiar form. To the earth 
thus distinguished from the others with which it is associated, Svanberg 
has given the name of Woria, from Nore, the ancient name of Norway, 
because the largest quantities of it were obtained from Norwegian zircons. 
Its radical is called Voriwn. The new earth is likewise found in zircons 
from the Zlmengebirg. (Pogg. 65, 317; Ann. Pharm. 56, 223.) 

Svanberg has likewise discovered that Eudialyte from Greenland con- 
tains—besides cerium, lanthanum, and didymium—two other metallic 
oxides or earths, the first of which closely resembles yttria, and is pro- 
bably therefore a sesquioxide. The other, which has a yellow colour, is 
present in very small quantity only. Svanberg 1s, however, not fully 
convinced of the separate identity of these earths : indeed, it appears 
scarcely possible to arrive at any definite conclusion on the subject, until 
more is known of the nature of yttria and its associated earths. (Pogg. 
66, 809; Ann. Pharm. 56, 225.) T 


CHAPTER XV. 


SILICIUM. 


Scheele: De Silice, Argilla et Alumine. Opuse. 2, 67. 

Bergman: De Terra Silicea. Opusc. 2, 26. 

Gay-Lussac & Thénard. Fluoride of Silicium. Ann. Chim. 69, 204; also 
NV. Gehl. 8, 485; also Gilb. 32, 1. 

J. Davy. Fluoride of Silicium. Phil. Trans. 1812, 352; also Ann. Chim. 
86, 178.—Further: WV. Hdinb. Phil. J. 17, 243. 

Sir H. Davy. Fluoride of Silicium. Schw. 2, 57; also Gulb. 35, 452. 
Decomposition of Silica. Gilb. 37, 186. 

Stromeyer. Reduction of Silicic Acid. Gib. 38, 321. 

Berzelius. Silicic Acid and Silicium. Gb. 36, 89;—Pogg. 1,169. 

Doveri. WV. Ann. Chim. Phys. 21, 40. 

Kuhn. Ann. Pharm. 59, 368. 

Kopp. Ann. Pharm. 67, 356. 

Pierre. Ann. Pharm. 69, 73. 

Scheerer. Pogg. 58, 3197-- 

Schaffhautl. Ann. Pharm. 44, 325 and 51, 256. 


History. Ata very early period, minerals of the siliceous class were 
specially distinguished by the name of vitrefiable minerals. Pott, in 1746, 
pronounced their chief constituent to be a peculiar earth, whose separate 
existence and inconvertibility into lime or alumina were established prin- 
cipally by Cartheuser, Scheele, and Bergman. Smithson, in 1811, first 
regarded this earth as a weak acid. Scheele discovered hydro-fluosilicie 
acid, and Priestly demonstrated the existence of the gaseous fluoride of 
silicium. This latter compound was more accurately investigated by Sir 
H. Davy, J. Davy, Gay-Lussac & Thénard, and especially by Berzelius. 
In 1823, Berzelius discovered the mode of preparing pure silicium, and a 
vast number of its compounds previously unknown. 


Sources. Silicium is, next, to oxygen, the most abundant substance 
on the earth, so far at least as we are acquainted with it; it is found as 
an oxide, sometimes in the pure state, sometimes combined with other 
metallic oxides; and in one or other of these states, it enters into the 
constitution of the greater number of minerals. It occurs in small quan- 
tities in the vegetable, and in extremely small quantities in the animal 
kingdom (as in feathers, &c. vid. Besanez, Ann. Pharm. 61, 46). 


Preparation.—1. Potassium is heated in gaseous fluoride of siliciam, 
and the resulting brown substance is washed, first with cold and after- 
wards with hot water, as long as anything continues to be dissolved. 
The silicium which remains undissolyed, and contains hydrogen and 
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carbon, is first heated in a covered crucible, at least half filled with it, fora 


Jong time and at a temperature just below redness—whereby the hydrogen 
is expelled and set on fire: afterwards, the cover is removed from the cru- 


cible, and the heat raised to bright redness in order to consume the car- 
bon. The silica formed during the ignition is removed by means of dilute 
hydrofluoric acid, and the residue washed with water and dried. (Ber- 
zelius.)—2. Or better: finely divided fluoride of silicium and potassium, 
or the corresponding salt of sodium—freed from all traces of water by 
heating it to a temperature considerably above 100°—is arranged in 
alternate layers with potassium, in a tube of glass or iron closed at one 
end, and heated over the flame of a spirit-lamp. 10 parts of fluoride 
of silicium and potassium require from 8 to 9 parts of potassium; if 
too much potassium is used, silicide of potassium is produced, which 
dissolves completely in water. As soon as the potassium is fused, it 
is mixed up with the fluorine compound by stirring with an iron wire, 
after which the heat is increased. Reduction takes place before the 
mass becomes red-hot, with a hissing noise and slight appearance of 
flame. The brown mass, when cool, is repeatedly exhausted with large 
quantities of cold water, till the liquid no longer exhibits an alkaline 
reaction. The silicide of potassium produced, gives up potash to the 
water, and liberates hydrogen gas, while silicium containing hydrogen 
is deposited; if only small quantities of water are used, a concentrated 
solution of potash is formed, which oxidizes and dissolves the silicium. 
—The mass is boiled with water to separate the undecomposed fluoride of 
silicium and potassium; and the silicium is washed with boiling water, 
till a few drops evaporated on platinum foil no longer leave any trace of 
residue (the washing occupies several days, and requires a large quantity 
of water), and the silicium, after being dried, is freed as in the first 
method, from hydrogen and silica. (Berzelius.)—3. A bulb blown in the 
middle of a glass tube is partially filled with potassium, and on this a 
quantity of chloride of silicium is dropped. ‘To one end of the tube, a 
retort containing chloride of silicium is then attached, and heated till the 
liquid boils; at the same time, the potassium is exposed to the flame of a 
small spirit-lamp, in order that the evaporation of the chloride of silictum 
which adheres to the potassium, may expel the air from the tube. As 
soon as the potassium is dry, it takes fire in the chloride of silicium 
vapour, which is allowed to pass over it freely. Towards the close of 
the operation, the bulb is heated to redness. As soon as the apparatus 
is cold, the whole of the chloride of silicium vapour is expelled from the 
tube by a current of dry air, and the chloride of potassium dissolved 
out from the mass with water, leaving the silicium behind. (Berzelius, 
Lehrb. 1, 327.) 

The earlier experiments of Sir H. Davy do not appear to have yielded 
pure silicium. Still less satisfactory are those of Clarke and Mantell. 
(Gilb. 62, 891; and Ann. Phil. 11, 310 & 893.) It is true that silica is 
decomposed by ignition with potassium; but the silicium thus obtained 1s 
combined with potassium; and in that state, the greater part of it dissolves 
on the addition of water. (Berzelius.) 


Properties. Dark-brown powder (lighter before ignition), destitute 
of lustre, even after being rubbed with the burnishing-steel; leaves a 
powerful stain; adheres tenaciously to the surface of glass. Heavier 
than oil of vitriol. Infusible before the blowpipe. Does not conduct the 
electricity of a hydro-electric circuit. (Berzelius.) This property cannot, 
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however, be regarded as positively at variance with the supposed metallic . 


nature of silicium: for this element has hitherto been obtained only in a 
state of minute division. Aluminum and zirconium are likewise non- 
conductors; and so, likewise, according to Wéohler, is. finely. divided iron, 
as it is obtained by igniting the oxalate of the protoxide, or by mechanical 
subdivision. Neither can the absence of metallic lustre (which is, likewise 
not possessed by zirconium) decide the question. whether siliclum is a 
metal or not, as long as it is known only in the pulverulent state. With 
regard to the chemical relations of silicium, its resemblance to. boron must 
be taken into account on the one hand, and its resemblance to the earth- 
metals and titanium on the other. 

¢ Berzelius distinguishes two allotropic conditions of silicium, which 
he regards as the cause of the different modifications observed in its com- 
pounds. ‘The first, Si a, is formed when silica is reduced by potassium : 
it burns with a vivid flame when slightly heated in the air; detonates 
when thrown on fused nitre; evolves heat and volatilizes when treated 
with hydrofluoric acid; unites with sulphur when gently heated with it, 
the resulting compound being decomposed by water, with disengagement of 
hydrosulphuric acid, and formation of silica which is soluble in water, 
and to a greater extent in hydrochloric acid. The second modification, 
Si B, is produced by exposing Si a to a strong red heat in a close vessel: 
it may be heated to whiteness before the blowpipe without taking fire: 
hydrofluoric acid has no action on it, and it cannot be made tou combine 
with sulphur. Hence, Berzelius concludes that the radical of quartz, rock- 
crystal, and the insoluble forms of silica artificially prepared, is Sz 8, the 
peculiar properties of which are. still visible in its compounds; whereas 
the radical of the sulphide-and other compounds of silicium which yield 
the soluble modification of silica, is Sia. The existence of two or more 
allotropic states of an element, with corresponding modifications in the 
properties of the compounds, is likewise observed in several other, elemen- 
tary bodies, viz., phosphorus, arsenic, tellurium, chromium, titanium, 
uranium, and manganese. (Ann. Pharm. 49, 247.) T | 


Compounds of Silacvum. 
SricluM AND (OXYGEN. 
Sinica, Sriicrc Acm. S8i0?*.: 


Ouide of Silicium, Vitreous Larth, Kieselerde, Silice. —F ound perfectly, 
or nearly pure, in Beryl, Quartz, Flint, Chalcedony, Hornstone, Jaspar, 
Opal, &e. i ) “sibel 


* Tf silica be regarded as SiO, the atomic weight of silicium will be = 7°5, and 
that of silica = 15:5; if the formula of Berzelius, SiO%, be adopted, the combining num- 
ber of the metal will be 22°5, and that of the earth 46°5. ‘The theory which regards 
silica as SiO?, has been adopted by Gaudin (Ann. Chim. Phys. 52, 125), and more 
especially by Kiithn (Stdéchiometrie, 11). It is recommended—as the following pages 
will prove—by the much greater simplicity of. the formule, which it yields for the com- 
pounds of silicium, both natural and artificial. For the calculations of the latter, the 
careful collection of mineral analyses in, Rammelsberg’s Worterduch des chemischen 
Theils der Mineralogie (Dictionary of the Chemical part of Mineralogy) has been of 
great service. 

{—Paul Einbrodt, in -a paper on the atomic weight of silicium (Ann. Pharm. 
55, 332), concludes that the formula for silicic acid or ‘silica, is SiO?: First, from 
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Formation.. Silicium which has been freed from hydrogen, and 
rendered coherent by gradual exposure to a white heat, does not take 
fire at a red heat, either in the air or in oxygen gas; previously to 
this, it is inflammable. It explodes with hydrate of potash or soda 
when heated to the melting-point of the alkali, the combination being 
attended with vivid incandescence, and evolution of hydrogen gas which 
immediately takes fire; it likewise exhibits ignition with hydrate of 
baryta; with hydrate of lime the ignition is but faint. It oxidizes 
with vivid incandescence, when heated with carbonate of potash or 
soda, the mass swelling up, giving off carbonic oxide gas, and turning 
black from separation of carbon. The larger the excess of silicium, 
the more easily is the decomposition effected (even below redness); the 
more vivid, also, is the incandescence, and the greater the amount of 
carbon separated, If the alkaline carbonate predominates, no flame is 
visible, and no carbon is set free, carbonic oxide alone being evolved, 


the density of the vapour of the chloride and fluoride of silicium; and 2ndly, from the 
behaviour of quartz with alkaline carbonates. 

1, The calculated densities of chloride and fluoride of silicium, according to the two 
formule, and the densities of the same compounds, as found by Dumas, are as follows :— 
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Moreover, instead of 7 volumes being condensed into 3 volumes, the second calculation 
requires 5 volumes to be condensed into 2; or 3 volumes into 2, if the combining volume 
of chlorine be taken as 1, the hypothetical combining volume of silica being 1. 

2. When finely divided quartz is fused with excess of carbonate of potash, the evo- 
lution of carbonic acid ceases as soon as a silicate is formed, in which the proportion of 
oxygen in the base is to that of the acid as 1 : 2. Hence, according to the formula SiO?, 
one atom of silica expels one atom of carbonic acid; whereas, according to the formula 
SiO?, the silica must expel 14 atoms of carbonic acid; or 2 atoms of a neutral silicate 
form a basic salt, and expel an additional atom of carbonic acid at the expense of an 
additional atom of the alkaline carbonate, which is decomposed, and the carbonic acid 
expelled. ' 

Kopp, on the contrary, prefers the formula SiO® for silica, and the corresponding 
formule SiCl° and SiBr?® for the chloride and bromide of silicium, on the ground 
that the two latter compounds exhibit just such a difference in their boiling points, as 
should result from the substitution of 3 atoms of bromine for 3 atoms of chlorine. For, 
by comparing various compounds of bromine and chlorine, it is found that: for every 
atom of bromine substituted for chlorine, the boiling point rises 32° C., so that the 


4 boiling point of bromoform, C?HBr’, being, according to Cahours, 152°, that of chloro- 


form should be 56°, or 96° lower. Now, the boiling point of chloroform in contact with 
water, observed by Liebig, is 57°. Again, PCI? boils, according to Dumas, Pierre, and 
Andrews, at 78°; PBr®, according to Pierre, at 175°—the calculated temperature being 
174° (= 78°+96°). Now, Pierre finds that the boiling point of chloride of silicium is 
59°, and that of the bromide 150°,—a difference of 94°. Hence it may be inferred that 
in bromide of silicium, 3 atoms of chlorine are replaced by 3 atoms of chlorine, and, 
therefore, that the formule of these compounds are SiBr? and SiC], and the correspond- 
ing formula of silicic acid, SiO®. The boiling points of chloride and bromide of silicium_ 
as observed by Serullas—though less accurate than those obtained by Pierre—likewise 
confirm the above view, the degrees being respectively 50° and 148°...150°, a difference 
of 98°...100°. (Kopp, Ann. Pharm. 67, 356.) eat 

Pierre (Ann. Pharm. 69, 73) has shown that by the action of hydrosulphuric acid 
on chloride of silicium at a high temperature, the compounds SiSCI’, SiS?Cl, and SiS? 
may be formed; and as the formation of these substitution products is easily explained on 
the supposition that chloride of silicium is SiCl’, whereas the explanation becomes very 
complicated if the formula SiO or SiO? is adopted, he concludes that the chloride is 
really SiC]?, and consequently that silicic acid is SiO*. If this be admitted, the atomic 
weight of silicium deduced from Pierre’s experiments is 21:34, { 
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With nitre, silicium is oxidized only at a strong red heat, and then indeed 


with violence. If silicium is fused with nitre, and carbonate of soda 


added, an explosion follows, and a black mass is formed, which gra- 


dually becomes white in the fire. Chlorate of potash thrown on ignited 
silictum does not oxidize it. A mixture of aqueous hydrofluoric and 


nitric acids dissolves silicium rapidly, with violent evolution of nitric 
oxide. Borax in a state of fusion, water, sulphuric acid, hydrochloric 
acid, hydrofluoric acid, nitric acid, aqua-regia, and aqueous solution of 
potash, do not oxidize silicium after it has been ignited. Before ignition, 
on the contrary, it is dissolved by a concentrated solution of potash and 
by aqueous hydrofluoric acid. (Berzelius.) 


Preparation. 1. A siliceous mineral, as quartz or flint, is reduced to 
powder, and fused with three times its weight of carbonate of potash; the 
fused mass treated with dilute hydrochloric acid; the solution evaporated 


to dryness; the residue boiled with water containing hydrochloric acid; 


then washed with pure water; and the insoluble residue ignited. Fuchs 
precipitates the silica from the alkaline solution by adding sal-ammoniac, 
and washes it thoroughly with hydrochloric acid, and then with water. 
__9. Gaseous fluoride of silicium is passed into water, and the precipitated 
silica thoroughly purified and ignited. 


Properties. a. Orystallized Silica.—To this variety belong rock-crys- 
tal, quartz, amethyst, cacholong, iron-flint, jasper, siliceous slate, horn- 
stone (the latter of which also contain sesquioxide of iron, alumina, lime, 
magnesia, and soda, probably in the form of siliceous salts). Chalcedony 
and flint consist, according to Fuchs (Pogg. 81, 577), of a mixture of crys- 
tallized and amorphous silica; when treated with solution of potash, which 
dissolves out the amorphous silica, they become opaque and similar to 
cacholong. Crystallized silica belongs to the rhombohedral system of 
crystallization; the primary form being an obtuse rhomb, ig. 141; also 
Fig. 131, 187, 188, and other forms. 1 : 7’ or 79 (fig. 141) BO" 6; 
7:7) = 94° 24s pls 7? or 7? 29% (Mig. 181) = 133° 48'; r : o (Pig. 187) 
— 141° 40!; and so on. Cleavage indistinct, parallel to the 7-surfaces 
(Fig. 141). (Hauy.) Very hard, but softer than diamond, sapphire, or 
topaz. Specific gravity of rock-crystal = 2°652 at 4°, in vacuo. (Le 
Royer & Dumas.) 

[On the pretended formation of quartz crystals in Carrara marble from 
a gelatinous solution, see Ripetti (Schw. 538, 199).| Bergmann observed 
cubical crystals (rhombohedrons?) deposited from an aqueous solution of 
hydrofluate of silica containing excess of acid after the lapse of two years; 
but they were less hard than quartz. Siegling obtained from a solution 
of silica exposed to the air for eight years, four-sided pyramids which 
emitted sparks with steel, and were not attacked by acids. Whether 
these crystals were really pure silica, has not been determined. When 
iron smelting-furnaces are opened, there is often found at the bottom a 
white substance, which Vauquelin has found to consist of silica, probably 
formed by the combustion of reduced silicium. It is commonly of a very 
fine fibrous texture (partly concentric, partly arranged in tufts), loose, 
friable, and of a silky lustre; sometimes of a spherical conformation ; 
rarely earthy. (Vid. Grignon, Mémoires de Physique; Vauquelin, Ann. 
Chim. 73, 102; and Ann. Ohim. Phys. 31, 332; Koch, wher Krystallinische 
Hiittenproducte, Gétting. 1822.) A similar fibrous variety of silica has 
been discovered by Herr Karl Stumm, accompanied by metallic titanium, 
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in the ae firnices of Fischbach at Saarbridge, and presented by him to 


the author; it dissolved readily in a hot solution of potash, leaying only 
a slight turbidity. 

‘I Doveri (Ann. Chim. Phys. 8, 21, 40) prepares crystallized silica by 
precipitating chloride of copper with silicate of potash; then filtering, wash- 
ing the precipitate with water, and dissolving it in hydrochloric acid. From 
the solution he throws down the copper by means of hydrosulphuric acid, 
and evaporates the filtered solution of silica in hydrochloric acid, in vacuo 
over caustic lime. By this means, hydrated crystals of silica are obtained 
in the form of white, transparent needles, of great lustre, mixed, however, 
with amorphous hydrate of silica. The needles retain their form, even 
when perfectly dehydrated. 4 

6. Amorphous Silica.—Found native in the form of Opal, frequently 
accompanied by small quantities of potash, soda, lime, magnesia, alumina, 
and sesquioxide of iron, together with between 5 and 10 per cent. of water. 
Hyalite is pure silica, with 6°33 per cent. of water. Opal was formerly 
regarded as a hydrate of silica; but the water appears to be only mechan- 
ically combined with it; for its quantity is too small for the formula 
8i0*,HO, or even for 2Si0?,HO, and varies greatly in different 
kinds of opal ; moreover, ignited opal presents the same appearance, 
and has nearly the same degree of solubility in caustic potash as that 
which has not been ignited. Many varieties of opal likewise contain 


crystallized silica mechanically mixed; and when the amorphous silica is 


dissolved, the crystallized portion remains as a skeleton in the original 
form of the opal. (Fuchs.) Opal is semi-transparent or pellucid; refracts 
light singly; has a specific gravity of only 2-09, on account of its porosity; 
and is much softer than quartz. Artificially prepared silica is also amor- 
phous after ignition. (Fuchs.) It is a white, tasteless powder, rough 
between the fingers, and does not adhere to the tongue; according to 
Kirwan, its specific gravity is 266. Amorphous silica is chemically dis- 
tinguished from the crystalline variety by its property of combining more 
readily with the fixed alkalis in the wet way. (Fuchs.) [Vid. Silicate of 
Potash, Soda, and Lime.| 

Silica, whether natural or artificial, erystallized or amorphous, fuses 
in the flame of a spirit-lamp fed with oxygen gas, or in the oxy-hydrogen 
blowpipe flame, and forms a clear bead. (Marcet, Stromeyer, Clarke.) sir 
H. Davy fused it in the circuit of a powerful voltaic pile. Silica in a state 
of fusion may be drawn out in long threads like glass. Fused rock 
crystal dropped into water, solidifies to a transparent mass, free from 
flaws, and remarkably hard and tough, so that it sustains the blow of wa 
hammer without breaking; showing that it has become hardened, just as 
steel is hardened by sudden cooling. (Gaudin, J. Pharm. 25, 392; also 
Ann. Pharm. 31, 351.) . Jeffreys (V. Bibl. Univ. 29, 417; also Ann. 
Pharm, 39, 255) passed steam into a large furnace containing earthenware 
heated to a temperature above the melting point of cast iron. By this 
means, more than 200 pounds of the silica was volatilized with the steam, 
some pounds of it being deposited in the form of snow, at the spot where 
the steam entered. This behaviour of silica (if confirmed) is similar to 
that of boracic acid, which, though not volatile by itself, volatilizes with 
the vapour of water, alcohol, &c. Silica in all its forms is tasteless, 
inodorous, and destitute of action on vegetable colonrs. 

Before the blowpipe, silica expels the carbonic acid from carbonate of 
soda, with effervescence, yielding a transparent glass; in microcosmic salt 
it is almost wholly insoluble. . j 
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Decomposition.—By potassium at a white heat, into silicate of potash 
and silicide of potassium; by carbon, in presence of iron, copper, or 
silver, at a white heat, into carbonic oxide and silicide of iron, copper, or 
silver; by hydrofluoric acid, into fluoride of silicium and water; not, 
however, by any other hydrogen acid, nor by sulphide of carbon at a 
red heat. 


Combinations. —a. With Water. 


», HypRAte or Siitca.—Formed when an aqueous solution of silicate 
of potash is precipitated by an acid, by sal-ammoniac, or by a metallic salt, 
such as sulphate of copper (in the latter case, a mixture of hydrate of 
silica and a metallic silicate is formed; and on removing the latter by 
means of dilute hydrochloric acid, the hydrate of silica remains undis- 
solved: Doveri); or when the silica held in solution by an aqueous acid, 
is precipitated by a soluble alkali or alkaline carbonate; or when a 
solution of silica in hydrochloric or nitric acid is partially evaporated ; or 
when fluoride of silicium is decomposed by water. After washing the 
gelatinous precipitate with hydrochloric acid and then with water, the 


hydrate is obtained in a state of purity. When newly formed, and as 


long as it continues saturated with the aqueous solution, it presents the 
appearance of a tenacious, pellucid jelly (Kiesel-gallerte), or of gelatinous 
flakes; but when dried in the air, even at ordinary temperatures, it not 
only loses the water which adheres to it, but also that which is chemically 
combined with it, and is converted into a white powder, consisting of 
anhydrous silica. ‘“ Doveri states, that when dried in the air at ordi- 
nary temperatures, it retains between 16°9 and 17°6 per cent. of water, 


corresponding to the formula SiO”, HO; but when dried at 100°, it loses — 


water, and the remaining bydrate has the formula 9510 Teas 

B. Solution of Sitica.—Many springs contain silica in solution. Anhy- 
drous silica is wholly insoluble in water. According to Kirwan, hydrate 
of silica dissolves in 1000 parts of water, and with peculiar facility when 
in the nascent state. The gelatinous silica obtained in the decompo- 


sition of fluoride of silicium by water, dissolves in a considerable quan- | 


tity of water, forming a tasteless solution which does not redden litmus ; 
and, on evaporation, deposits the silica m the form of a white, non- 
crystalline powder. Silica thus prepared is in a peculiar state, for it 
dissolves again in water. If sulphuric or hydrochloric acid is added to 


the solution before evaporation, the silica which remains is insoluble. 


(Berzelius, Lehrb. 2, 122.) By allowing crystallized boracie acid to 
absorb gaseous fluoride of silicium, and then separating the hydrofluoric 
and boracic acids by digestion with a large excess of ammonia, a hydrate 
of silica remains, which, after being thoroughly purified from the above 
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acids, is very soluble in water. The aqueous solution does not act on | 
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-yegetable colours, and gives no precipitate when boiled; on evaporating 
to dryness, however, the silica remains as an insoluble powder. (Berze- 
lius, Ann. Chim. Phys. 14, 366.) 


b. With Acids, yielding the Saurs or Sttica. Of all the oxides of 
the light metals, silica exhibits the feeblest basic properties; in the 
anhydrous state, it is insoluble in all hydrated acids, excepting hydro- 
fluoric acid. Sulphuric, nitric, and hydrochloric acid, for example, do not 
dissolve it; the same acids dissolve the gelatinous variety, but very slowly 
and in small quantity only. They dissolve the largest quantity when 
a compound of silica with a fixed alkali, in which the latter predo- 
minates, is mixed with an excess of the acid in a state of great dilution— 
so that the earth, at the moment of its separation from the alkali, meets 
with a sufficient quantity of acid and water to dissolve it. The clear 
liquid, however, always contains several atoms of acid to one of the 
earth, and the acid is never neutralized. From the solution, ammonia 
and its carbonate, and likewise potash or soda, precipitates a portion of 
the silica in the gelatinous state. Carbonate of lime precipitates the 
silica, chiefly when the solution is warm and not too dilute; the gela- 
tinous lumps which separate are insoluble in acids. If, however, the 
solution likewise contains another base which is precipitable by carbonate 
of lime, such as alumina or sesquioxide of iron, the carbonate of lime 
throws down a compound of the base with the silica, which compound is 
again perfectly dissolved by hydrochloric acid, and yields a gelatinous 
precipitate on evaporation. (Von Kobell, Schw. 60, 297.) When a solu- 
tion of silica in any volatile acid (excepting hydrofluoric acid) is evapo- 
rated, the acid and water go off together, leaving hydrate of silica in the 
form of a jelly at first; but after evaporation to dryness, the residue 
consists of pure silica, which, when perfectly dry, is insoluble both in 
water and in acids. 


c. With strong Salifiable Bases, forming salts called SmicaTES, inas- 
much as the silica in these compounds plays the part of a weak acid. 
Silica decomposes the alkaline carbonates at a low red heat; and at very 
high temperatures, even the sulphates are decomposed by it. A vast 
number of silicates are found in nature, constituting in fact the greater 
part of the mineral kingdom. Many of these compounds may be obtained 
artificially, by fusing together their component parts, and in the same 
erystalline form as that which they exhibit in their native state. 
(Mitscherlich ; Berthier, Ann. Chim. Phys. 24, 855.) Many other 
silicates are exclusively artificial products, and ate, for the most part, 
obtained by fusing their ingredients together. The simple salts of silicic 
acid generally solidify in the crystalline form on cooling ; silicate of 
lead, however, is an exception. The double salts, on the contrary, 
become viscid when fused, and yield a glass. Silicic acid combines with 
bases in an unusually great variety of proportions ; the most common are 
the following: 1 At. base to 3, 1, 2, 3, and 4 At. acid. It forms numerous 
double salts, the most abundant of which are compounds of silicate of alu- 
mina with another salt of silicic acid (felspar). There are also a great 
number of hydrated silicates, both simple and compound. The different 
kinds of zeolite consist of hydrated combinations of silicate of alumina, 
with another silicate of the potash or magnesia class. 

_ The silicates are more easily decomposed by acids, as the hydrochloric 
—the stronger the base—the less the silica predominates in the compound 


ee 


358 . SILICIUM. 


ay NS ee WEE eee UR Na See ee ON ee a ee ee ham Te 
CAE aro e a Ne ad CATS agg ya aes Beat ies ee hg Gea Se 


—and the larger the proportion of water present ; hence many minerals. 


containing water—zeolite for example—lose their solubility in hydro- 
chloric acid after ignition. The hydrochloric acid either dissolves the 


base, and separates the silica in a pulverulent or gelatinous form, accord- 


ing to the nature of the compound; or it likewise dissolves the silica 
either wholly or in part, especially when a large quantity of water is 


present, and in that case yields a jelly on evaporation. Sulphuric acid 


diluted with a small quantity of water, decomposes, after long digestion, 
nearly all the salts of silicic acid, when reduced to powder. All sili- 
cates without exception become soluble in dilute hydrochloric or nitric 
acid, after fusion with from 3 to 5 times their weight of hydrate of 
potash or soda, carbonate of potash or soda, or of baryta, strontia, lime, 
or oxide of lead. They are completely disintegrated; and the solution 
yields, on evaporation, first a jelly and then a dry residue, of which the 
part which is insoluble in hot hydrochloric acid, exhibits the characters 
of silica, -Andalusite, Cyanite, Staurolite, and Zircon, require a full white 
heat, to disintegrate them perfectly with an alkaline carbonate, and are 
more readily acted on by hydrate of potash. From the native silicates, 
whether simple or double, which contain potash, soda, or lithia, lime 
separates the more soluble alkali, by the so-called fluid cementation. 
(Fuchs.) The silicates are sometimes ignited, after being mixed with 
lime, and then treated with water; but in many cases, as with Nepheline, 
Leucite, Natrolite, Analcime, and Chabasite, it is sufficient to ignite 
them by themselves, and afterwards boil them in a finely divided state 
with milk of lime, or fo digest them with it for a longer time in the cold. 
Clays treated in this manner likewise give up to water the small pro- 
portion of potash or soda which they contain; and if they happen to be 
rich in carbonate of lime, they merely require to be digested in water 
after ignition. Volcanic rocks, such as phonolitic lava, give up their 
potash or soda, by digestion with milk of lime, even without previous 
ignition. (Zierl. J. Zechn. Chem. 10, 280.) 

Pulverized silicates heated in a platinum vessel with fluor-spar free 
from silica and oil of vitriol, evolve gaseous fluoride of silicium, which, 
when the vessel is covered with moistened felt, deposits upon it white 
flakes of hydrate of silica—The same gas is evolved, with heat and 
effervescence, when a powdered silicate is immersed in a strong solu- 
tion of hydrofluoric acid. The residue evaporated to dryness with 
sulphuric acid leaves the base of the silicate in combination with the 
sulphuric acid.—Microcosmic salt in the blowpipe-flame withdraws the 
base from the silicates, and sets the silicic acid free. The product is 
a translucent, blistered mass. (Kteselskelett.) —When a small quantity 
only of the microcosmic salt is used, the fused mass diffuses itself 
through the siliceous crust; when the quantity of flux is larger, the 
silica floats in the fused bead. When only a small quantity of silica is 
present, the glass is clear while fused, but becomes turbid on cooling; 
with still less silica, however, it remains transparent. (Berzelius.)—Sili- 
cates heated with carbonate of soda before the blowpipe, expel the carbo- 
nic acid with effervescence. The silicates of the more soluble alkalis and 
of most of the oxides of the heavy metals, yield a transparent glass; those 
of the earthy alkalis and of the earths, yield, sometimes a clear and some- 
times a turbid glass, according to the proportions of silica and of acid. If 
the silicic acid contains at least twice as much oxygen as the earth, the 
latter is dissolved in the glass by the agency of the silicic acid, and the 
glass remains clear. If the compound contains less silica, it yields a clear 
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glass with a comparatively small proportion of carbonate of soda; but 
with a larger proportion, it forms a turbid glass; and with a still larger 
quantity, an infusible slag: for, the greater the amount of soda, the greater 
also is the quantity of the earthy base which is separated by its action 
from the silicic acid. (Berzelius.)—All the salts of silicic acid are insolu- 
ble in water, excepting the silicates of potash, soda (and lithia ?). 


SILICIUM AND HYDROGEN. 


Hyprine or S1zictum.—F luoride of silicium is decomposed by potas- 
sium, and the brown mass washed with water; a portion of the hydrogen 
set free in the decomposition of water by the excess of potassium com- 
bines with the silicium, forming hydride of silicium; and by treating this 
mass with a cold aqueous solution of hydrofluoric acid, the compound is 
obtained free from silica. This substance burns with great splendour 
when quickly heated to redness in the air. In oxygen gas, the combus- 
tion is still more brilliant. Only a third part of the silicium burns in the 
air, and three-fourths in oxygen gas, because the rest becomes surrounded 
with the silica which is produced. During the combustion, water is inva- 
riably formed, even after the silicium has been dried in vacuo at a tem- 
perature approaching redness. Hydride of silicium heated in a covered 
crucible, emits a feeble flame when the cover is taken off. A hot solution 
of hydrofluoric acid or of potash dissolves a small quantity of silica, with 
evolution of hydrogen gas. When the compound is very slowly heated 
to incipient redness in an open crucible, and then to whiteness in a 
covered crucible, the hydrogen is expelled, and a residue of pure silicium 
is left, mixed only with a small quantity of silica, formed during the 
operation. (Berzelius.) 


SILICIUM AND CARBON. 


Carbide of Silicium ?—If silicium is reduced from the double fluoride 
of silicium and potassium, by potassium prepared according to Wohler’s 
method (III., 5), and freed from carbon by re-fusion only and not by 
distillation, a mixture of silicium and carbide of silicium is obtained, of a 
darker colour than pure silicium. This substance, when ignited, suffers no 
loss of weight, but yields carbonic acid gas, and a mixture of silica and 
unburned silicium free from carbon. (Berzelius.) 


SinicluM AND BoROoN. 


Boracic acid in a state of fusion dissolves little or no silica. 


SILICIUM AND PHOSPHORUS. 


Silicium does not combine with phosphorus when ignited in its vapour. 
(Berzelius. ) 


SILICIUM AND SULPHUR. 


A. Sunpuipr or Srictum.—Formed by igniting siliclum in vapour 
of sulphur, or by passing vapour of sulphur over silicium at a white heat: 
‘the combination is attended with incandescence.—Sulphide of silicium 1s _ 
white and earthy, or—if silicium be present in an uncombjned state—~ 
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dark grey and drossy. Jt burns slowly when heated in: the ai 


sulphurous acid and silica; in a cold dry atmosphere, it remains unchanged; 


in ordinary moist air, it emits a powerful odour of sulphuretted hydrogen, 
and is gradually converted into silica. Water instantly decomposes it 
into hydrosulphuric acid which escapes as gas, and silica which is dis- 
solved; with a-small quantity of water, so concentrated a solution of 
silica is obtained, that the whole gelatinizes, after slight concentration, 
and on drying yields a transparent fissured mass of silica.—Sulphide of 
silicium is capable of uniting with sulphide of potassium. (Berzelius.) 


B. Sunpware or Siz1ca.—Obtained in solution, by supersaturating 
silicate of potash with very dilute sulphuric acid. 


SILICIUM AND JODINE. 


Suicium ignited in iodine vapour does not absorb any of the iodine. 
(Berzelius.) 


SILICIUM AND BROMINE. 


BRoMIDE OF Sitictum.—A pasty mixture of silica, lamp-black, sugar, 
and oil—in such proportions that the carbon produced may amount to at 
least one half the quantity of the silica—is ignited in a covered crucible; 
the resulting mass introduced in small pieces into a porcelain tube having 
one of its ends connected with a retort containing bromine, and the other 
with a projecting tube passing into a tubulated receiver surrounded with 
ice; and vapour of bromine made to. pass gradually through the ignited 
porcelain tube. The carbonic oxide gas escapes through a long, fine- 
drawn tube inserted into the tubular opening of the receiver; and the bro- 
mide of silicium mixed with excess of bromine collects in the receiver 
itself. The whole is then poured into a retort with mercury, and the 
bromide of silicium separated by distillation from the bromide of mercury. 
Colourless liquid, much heavier than oil of vitriol; freezing at _ 
— 15°(+10°4°.... + 5° F.), and boiling at 148°....150° (298°4°....302° F.). 
Forms dense white fumes in the air, and has an acrid, disagreeable smell. 
It has likewise an ethereal odour, which Serullas attributes to the presence 
of bromide of carbon. Water rapidly decomposes bromide of silicium, 
with considerable elevation of temperature. Under oil of vitriol, it is 
resolved, in the course of a few days, into silica and bromine. When 
gently heated with potassium, it explodes violently and breaks the glass 


tube. ee J.Chim. Med. 8,1; also Ann. Chim. Phys. 8,1; also Pogg. 
24, 341, : | 


SILICIUM AND CHLORINE. 


A. CHLORIDE or Sinictum.—i, When ignited silicium, or silicium 
containing hydrogen, is heated in chlorine gas, it takes fire and continues 
to burn till the whole has disappeared. The product is chloride of 
silicium in the form of yapour, which solidifies on cooling. If any atmo- 
spheric air is mixed with the chlorine, a certain quantity of silica remains 
behind. (Berzelius.)—2. Dry chlorine gas is passed over a strongly ignited 
mixture of silica and charcoal. (Oerstedt, Sch. 26.) The heat required 


for this operation is stronger than that which an argand spirit-lamp can 


furnish. (Wohler.) The yellow liquid obtained must be freed from the ~ 
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excess of chlorine by agitation with mercury and distillation. (Dumas, 


Ann. Chim. Phys. 88, 267.) ; 

Transparent and colourless liquid, having the appearance of ether. 
(Dumas. )—Heavier than water, but lighter than oil of vitriol; not freezing 
at — 20°; boiling at 50°. (Serullas, J. Chim. Med. 8,3.) When exposed to 
the air, it evaporates almost instantaneously in the form of a white cloud, 
leaving a residue of silica. Its vapour has a suffocating odour, somewhat 
like that of cyanogen, and reddens litmus paper. (Berzelius.) 
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Chloride of silicium when thrown on water swims on its surface at 
first, and then dissolves in the form of hydrochlorate of silica. If the 
water is in excess, only a small quantity of silica is precipitated; but if 
the volumes of the two liquids are equal, a bulky mass of gelatinous silica 
is immediately produced. (Berzelius.) Oil of vitriol likewise resolves 
chloride of silicium into silica and hydrochloric acid. (Serullas.) Potas- 
sium heated in vapour of chloride of silicium, burns and forms chlo- 
ride of potassium, with separation of silicium. (Berzelius.) Fused potas- 
sium dropped into liquid chloride of silicium, causes an explosion, 
Chloride of silicium may be heated over potassium till it boils, without 
undergoing decomposition; doubtless, because the boiling point of chloride 
of silicium is below the temperature at which potassium fuses. (Serullas.) 


B. Hyprocuiorate or Sittca.—Obtained in the same manner as the 
sulphate, or by dissolving chloride of silicium in water. As tast as the 
acid escapes in the evaporation of this solution, the silica is deposited in 
the gelatinous state. 


T—C. CuiorosuLPHIvE or Sitic1um.—Chlorosulphure de Silicitum.— 
Discovered by Isidore Pierre (Ann. Pharm. 69,73), and formed by passing 
a mixture of vapour of chloride of silicium and perfectly dry hydrosul- 
phurie acid gas through a red-hot porcelain tube. A large quantity of 
hydrochloric acid is formed, and escapes, together with the excess of chlo- 
ride of silicium and traces of undecomposed hydrosulphuric acid. The best 
mode of preparation is to pass a current of hydrosulphuric acid gas through 
chloride of silicium contained in a stoppered rétort, the conducting tube 
being made to dip just under the surface of the liquid. The retort is then 
connected by means of a good cork with one end of a porcelain tube, the 
other end of which is attached to a U-shaped tube kept constantly cool. 
The porcelain tube is then made red-hot, and as the mixture passes 
through, a fuming liquid rapidly condenses in the U-tube. The liquid 
thus obtained has a pungent, offensive odour resembling both chloride of 
silicium and hydrosulphuric acid; it becomes clear on standing, and is 
then distilled, the liquid which comes over at a temperature between 90° 
and 100° being kept apart. The process is stopped as soon as the pasty 
mass in the retort begins to evolve white fumes. The distillate is a 
colourless, transparent, watery liquid, which boils at 100°, and distils over 


without residue; its specific gravity is 1-45. In contact with water, it is 


decomposed, yielding hydrosulphuric acid gas, hydrochloric acid, silica, 
and a small quantity of free sulphur, | . 
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Calculation. a Pierre. 
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The density of the vapour was found, in three experiments, to be 4°78, 
5-24, and 5:23. The calculated density, supposing it condensed to three 
volumes, is 5:00. | 


Siniclum AND FLUORINE. 


A. Fuvoripe or Sruicrum.—Gaseous Fluoride of Silicium, Fluorspar 
gas, Hydrofluoric acid gas, Hydro-fluosilicic acid gas, Fluorkiesel, Fluwor- 
hiesel gas, Flussiure-kieselerde gas, Gas acide fluorique, Gas fluorique 
silicé.—Formed on bringing hydrofluoric acid in contact with silica or 
any siliceous substance, such as glass. . Anhydrous hydrofluoric acid 
becomes heated in contact with glass, boils up, and evolves gaseous fluo- 
ride of silicium.—The process of etching on glass with hydrofluoric acid 
depends on the formation of fluoride of silicium, when dilute hydrofluoric 
acid or the vapour of that acid, is made to act upon glass. 


Preparation.—Powdered fluor-spar mixed with sand or finely pounded 
glass, is gently heated ina flask with oil of vitriol, and the gas col- 
lected over mercury in glass jars dried by heat. If the receivers are 
covered with the least film of moisture, they become oyercast with an 
opaque deposit of silica, which cannot again be removed. (Berzelius.) 


Properties. Colourless~gas. Specific gravity (I., 280). It has a 


peculiarly penetrating and suffocating odour, like that of hydrochloric 
acid gas. According to J. Davy, it reddens litmus paper even when 
carefully dried. Forms a white cloud on exposure to the air. It is in- 
Beetle and does not support the combustion of a taper or of burning 
wood. 


Calculation. Vol. Sp. gr. 
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F—O denotes hypothetically anhydrous fluoric acid. | 


Decompositions.—1. Water absorbs the gas in large quantity, and at 
the same time decomposes it, the products being hydrofluoric acid and 
silica; one-third of the latter is precipitated as a hydrate in white bulky 
flakes, whereby the liquid is soon converted into a thick, transparent, 
gelatinous paste, which fumes in the air; the rest forms ter-hydrofluate of 
silica, which remains dissolved in the water. (Berzelius.) 


38iF?+6HO = 2S8i0?, 3HF + SiO?. 


The water absorbs the first quantities of gas rapidly; but after it has 
become thickened by the precipitated hydrate of silica, the absorption is 
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much slower. In 24 hours, 100 parts of water, in contact with an excess 
of gaseous fluoride of silicium, absorb 140°6 parts. (Berzelius.) 100 
: 140°6 = 108: 151°8; 108 represents 12 atoms of water; 151°8 is nearly 
3 atoms of fluoride of silicium: hence 3 atoms of fluoride of silicium react 
on 6 atoms of water; and 6 other atoms of water remain partly com- 
bined with the free silica as hydrate, and partly with the ter-hydrofluate 
of silica, without any further power of decomposing the fluoride of 
silicium. The gelatinous mixture is probably : 2 (HO, HF +5810’, 
QHF+Aq)+Si0*,2HO. According to J. Davy, one measure of water 
absorbs 265 measures of gaseous fluoride of silicium; this gives 134 parts 
of fluoride of silicium to 108 parts of water. The precipitated hydrate of 
silica ig somewhat soluble in water; and consequently, the silica, after 
washing, amounts to only about } instead of 4 of the total amount of 
silica produced from the fluoride of silicium. When thoroughly washed, it 
is quite free from fluorine. The acid solution filtered from the hydrate 
of silica without having any additional water passed through it, yields, 
when saturated with potash, nothing but double fluoride of silictum and 
potassium. But if the solution is mixed with the subsequent washings, 
which contain a portion of the precipitated hydrate of silica in solution, 
the liquid, after saturation with potash, gelatinizes on being evaporated, 
in consequence of the excess of silica which it contains. (Berzelius.)— 
If hydrochloric acid gas is passed into water saturated with fluoride of 
silicium, the gelatinous condition is destroyed; a solution of hydrochloric 
acid is formed, and the silica disappears in the form of gaseous fluoride 
of silicium. (J. Davy.) 

2. Gaseous fluoride of silicium is slowly absorbed by crystallized, but 
not by anhydrous boracic acid. The acid increases in bulk, and is con- 
verted into a white powder, which does not fume. 100 parts (2 atoms) 
of crystallized boracic acid absorb 12902 parts (3 atoms) of fluoride of 
silicium. (Berzelius. ) 

2(BO3, 3HO) + 3SiF2 = 2(BO%, 3HF) + 3Si0%. 


From this it appears that 2 atoms of terhydrofluate of boracic acid 
and 3 atoms of silica are produced.—The powder does not at first absorb 
water; but subsequently, a slight elevation of temperature takes place and 
terhydrofluate of boracic acid is dissolved, leaving a residue of hydrate of 
silica. About one-fourth, however, of the silica dissolves, and is again 
thrown down by ammonia and other bases. The residual portion of 
silica evolves pungent vapours when ignited, and may, with great probabi- 
lity, be regarded as another double salt containing excess of silica. (Ber- 
zelius. 

3. ree solutions of salifiable bases either act like water, precipi- 
tating only one-third of the silica, and forming a double fluoride of silicium 
and the metal—as in the case of potassium—or they precipitate the whole 
of the silica and produce a simple fluoride of the metal, as in the case of 
sodium. 

4, Many of the alkalis, earths, and heavy metallic oxides, in the 
anhydrous state, absorb gaseous fluoride of silicium, producing heat 
and sometimes even flame, and apparently forming a mixture of silica 
and metallic fluoride. Burnt lime, immersed in the gas, becomes red- 
hot through its whole mass (if moisture be present, the application of 
heat is necessary to commence the act of combination; an admixture of 
carbonate of lime likewise interferes with the action); and there is formed 
—without any evolution of oxygen gas—a tasteless mass, which is insoluble 
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in water, and when heated in the blowpipe flame, exhibits a bluish white 
phosphorescence, and cakes together into an anhydrous mass, hard enough 
to scratch glass. Hydrochloric acid slowly resolves this substance into 
soluble fluoride of calcium, and gelatinous silica which remains undis- 
solved. With oil of vitriol it effervesces violently, evolving fluoride 
of silicium, and leaving a residue of gypsum, which amounts to 123°7 
per cent. Hence it contains 2 atoms of lime to | atom of fluoride of sili- — 
cium. (J. Davy.) [Or 2 atoms of fluoride of calcium to 1 atom of silica: 
2Ca0 +SiF? = 2CaF+Si0O. Davy’s view is supported by the fact that 
the silica, after treatment with hydrochloric acid, remains in the form of 
a hydrate: this, however, may likewise be explained by supposing 
that the silica is chemically combined with the fluoride of calcium. |— 
Baryta and alumina likewise absorb gaseous fluoride of silicium, but in 
smaller quantity, and again evolve it on the addition of oil of vitriol._— 
Magnesia likewise combines with it without ignition, and yields before 
the blowpipe an infusible mass, which resists the action of water, and 
behaves with hydrochloric and sulphuric acids in the same manner as the 
calcium compound.—The manganic, antimonic, mercuric, and ferric oxides 
likewise absorb a portion of gas—the latter most abundantly; the gas is 
again expelled by oil of vitriol. (J. Davy.)—Gaseous fluoride of silicium, 
passed over heated baryta, becomes red-hot, and is rapidly absorbed, in 
the proportion of 85:62 parts (4 atoms) of baryta to 14°38 parts (1 atom) 
of fluoride of silicium. (Dumas. 

4BaO + SiF? = 2Ba0, Si0?+2BaF; [the result is therefore a mixture 
of one atom of disilicate of baryta and 2 atoms of fluoride of barium. |— 
Anhydrous alkaline carbonates and salts of boracic acid do not act on 
gaseous fluoride of silicium-at ordinary temperatures. (Berzelius.) 

5. Potassium at ordinary temperatures acts slightly on gaseous fluo- 
ride of silicium; when heated in the gas till it fuses, it blackens and burns 
with a dark-red flame, absorbing a quantity of the gas equal in volume to 
the hydrogen which it would have evolved with water, and yielding a 
dark-brown, brittle mass. (Gay-Lussac & Thénard.) . The potassium, on 
being heated, becomes first white, then darker, and lastly black, when it 
immediately takes fire. The resulting hard porous mass is a mixture of 
fluoride of potassium, double fluoride of silictum and potassium, and sili- 
cide of potassium. Water dissolves out potash and fluoride of potassium 
with violent evolution of hydrogen gas; on boiling, it also dissolves out 
double fluoride of silicium and potassium, and leaves silicium containmg 
hydrogen, together with silica. (Berzelius.) Sodium produces similar 
results. (Gay-Lussac & Thénard.)—6. When the gas is passed through 
a white-hot gun-barrel filled with iron-turnings, very little is absorbed, 
the iron becoming covered with a thin stratum of silictum and fluoride 
of iron, which prevents any further action. On dissolving the fluoride of 
iron in water, a thin layer of silicium is left behind. .(Berzelius.)—The 
following substances exert no decomposing action on gaseous fluoride of 
silicium; hydrogen gas in the direct rays of the sun, charcoal ignited in 
the gas; phosphorus, sulphur, or iodine sublimed in it; chloride of calcium 
ignited in it; chlorate of potash or of zinc fused in it. (J. Davy.) 


Combinations.—a. With nitric oxide and the oxygen-acids of nitrogen. 

b. With ammonia. 

c. With other metallic fluorides, producing the METALLIC FLUO-SILI- 
CIDES oF SILICO-FLUORIDES. These compounds are obtained: 1. By dis- 
solving either a pure or a hydrated metallic oxide or its carbonate (or in 
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the ease of iron or zine, the simple metal) in ter-hydrofluate of silica till 


the liquid is nearly saturated,—when, if the compound is not insoluble, it 
is separated on evaporating the liquid in a platinum vessel. If it gela- 
tinizes from excess of silica, a small quantity of hydrofluoric acid is to be 
added, and this, on further evaporation, is volatilized with the silica in 
the form of fluoride of silicium.—2. Fluoride of silicium is brought in 
contact with another metallic fluoride (either dry or in solution)—which 
readily absorbs the gas,—or with a pure metallic oxide or its carbonate, 
slightly moistened with water: in the latter case, a portion of the silicium 
is separated in the form of silica.—In these double metallic fluorides, one 
atom of fluoride of silicium is invariably combined with one atom of the 
other metallic fluoride.—Hence, by digesting bi-hydrofluate of soda with 
silica, the acid reaction of the solution is changed into an alkaline reac- 
tion; because, together with the insoluble double fluoride of silictum and 
sodium, mono-hydrofluate of soda, which has an alkaline reaction, is like- 
wise formed. (Berzelius.) 


2(NaO, 2HF) + SiO? = NaF, SiF?+NaO, HF+ 3HO. 


The silico-fluorides redden litmus, and for the most part have an acid, 
bitter taste—By prolonged ignition, they give up the whole of the fluo- 
ride of silicium, the other metallic fluoride remaining behind in a pure 
state. If they contain water, the gaseous fluoride of silicium, as it escapes, 
is accompanied by a white sublimate in the form of minute drops, which, 
by the application of heat, may be chased from place to place, and appears 
to consist of concentrated bi-hydrofluate of silica; on exposure to moist 
air, it deposits silica. The silico-fluorides, many of them at least, are 
resolved by ignition with potassium into silicium and fluoride of potas- 
sium; whilst the other metallic fluoride previously in combination with 
the fluoride of silicium, either remains unaltered, or likewise gives up its 
fluorine to the potassium. The action of iron at a red heat is similar to 
that of potassium. (Berzelius.)—With oil of vitriol, the silico-fluorides at 
first evolve gaseous fluoride of silicium, which escapes with effervescence}; 
then, at a temperature, which, in the case of the calcium and barium com- 
pound, exceeds 100°, anhydrous hydrofluoric acid is evolved. Hydro- 
chloric and nitric acids expel only a part of the hydro-fluosilicie acid. On 
the other hand, the salts of nitric and hydrochloric acid are but imper- 
fectly decomposed by hydro-fluosilicie acid. Hydrofluoric acid in excess 
does not affect them, but passes off unchanged on the application of heat. 
An alkali added to the aqueous solution of a metallic silico-fluoride, 
decomposes the fluoride of silicium in the compound on boiling—absorbing 
the fluorine and precipitating silica, ¢. g. 

NaF, SiF?+2NaO = 3NaF + SiO’; 


or, if we suppose that the metallic silico-fluoride is converted by water 
into a double hydrofluate of silica and another metallic oxide, 


(NaO, HF + SiO?, 2HF) + 2NaO = 3(NaO, HF) + SiO*. 
From the salts of the more soluble alkalis, the silica is thrown down pure; 


when precipitated from salts of the alkaline earths, it is mixed with fluo- 
ride of barium, strontium, or calcium; and from the salts of the earths 


and heavy metallic oxides (inasmuch as the alkaline precipitant likewise 


i 


separates the hydrofluoric acid from these oxides) it is precipitated in a 
state of chemical combination with the bases, forming a simple silicate, ¢. 9, 


MeF, SiF?+3NaO = MgO, SiO?+3NaF ; 
or: (MgO, HF + SiO”, 2HF) +3Na0 = MgO, SiO? + 3(NaO, HF). 
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Even when ammonia is the precipitating alkali and the second base of 


the double salt is soluble in it, a certain quantity of this base is still pre- 
cipitated with the silica. (Berzelius.) The alkaline carbonates likewise 
decompose the metallic silico-fluorides, with effervescence, at a boiling 
heat. (Berzelius, H. Rose.) 

Hydrated Metallic Silico-fluocrides or Compounds of Hydrofluate of 
Silica with Hydrofluates of other Metallic Oxides.—Most -silico-fluorides 
are easily soluble in water; only those of potassium, sodium, lithium, 
barium, calcium, and yttrium are sparingly soluble. (Berzelius.) The 
solution frequently yields hydrated crystals. Many of these crystals, 
when exposed to the air, lose their water of crystallization by efflorescence; 
and all of them undergo this change when heated. ey 

B. TER-HYDROFLUATE OF SiLica.—Hydro-fluosilicic acid, Kieselfluor- 
wasserstofsaure, Kreselhaltige Flussspathsdure, Acide fluorique soussilice.— 
Known only in combination with water.—Formed in the decomposition 
of fluoride of silicium by water (III., 362), and by dissolving silica in 
dilute hydrofluoric acid.—Preparation. A perfectly dry and intimate 
mixture of 4 parts of fluor-spar, and from 2 to 3 parts of quartz-sand or 
pounded glass, is put into a retort, and 5 parts of oil of vitriol poured 
over it; the whole is then well mixed together by shaking the retort, 
which should not be more than half full at the utmost. Heat is then very 
slowly applied, and increased towards the end of the experiment nearly to 
redness; the gaseous product is made to pass into water. As a narrow 
tube, if used for conveying the gas into the water, would soon become 
choked up with silica, one of the four following methods is adopted: 
a. The neck of the retort is attached to a tube bent at right angles, and 
having its lower end dipping under mercury. (Thénard.) Great care is 
necessary to prevent any water from getting into the tube above the 
mercury, and the mixture of fluor-spar and sand must be dried by heat; 
the oil of vitriol also should not contain more than one atom of water to 
one atom of sulphuric acid.—b. A wide and very short tube is adapted, 
by means of a cork, to the neck of the retort; and to its other end is 
attached the narrow opening of the neck of a broken receiver, the broad 
end of which reaches nearly to the bottom of an earthenware jar. one- 
fourth filled with water. (Gmelin.)—c. The neck of the retort is connected 


with a bent tube which passes into a large bottle, one-fourth filled with — 


water, without touching the liquid, and the absorption is promoted by 


frequent agitation. (Berzelius.)—d. The long neck of the rétort is fitted © 


into a long-necked receiver partly filled with water, and the receiver 
frequently shaken in order to keep its sides constantly wet. There is no 
escape of gas, and the silica is deposited in the form of a heavy crust 


from which the solution is easily filtered. (Maus, Pogg. 11, 86.)—The 


mixture of aqueous acid and gelatinous silica is thrown upon a linen 
strainer and the liquid pressed out. If the silica is exhausted with water, 
more hydro-fluosilicic acid is obtained, but mixed with an excess of silica, 
in consequence of the water dissolving a portion of the hydrate of silica. 
(Berzelius.)—2. Rock-crystal in powder may be thrown into artificially 


cooled hydrofluoricjacid diluted with from 2 to 8 parts of water, till the 


acid is saturated, and the solution poured off from the insoluble residue. 


The silica dissolves quietly at first; but afterwards, if the rock-crystal is. 


in excess and the acid concentrated, gaseous fluoride of silicium is evolved. 
(Berzelius.)—The acid thus obtained may be preserved in glass vessels. 
(J. Davy, Berzelius.) 
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Hydrofluosilicic acid has a very sour taste resembling that of hydro- 
chloric acid, and, like that acid, irritates the skin; it reddens litmus 
strongly. 


Calculation, a. Calculation, 8b. 
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In calculation a, the hydro-fluosilicie acid is regarded as a metallic 
silico-fluoride, in which the atom of metal is replaced by an atom of 
hydrogen; in calculation b, as ter-hydrofluate of silica; in calculation c, it 
is made to correspond to a hydrated metallic silico-fluoride, supposing 
that the latter compound forms with water a double hydrofluate of silica 
and a metallic oxide, e.g. 


KF, SiF?+3H0O = KO, HF + SiO?, 2HF. 


In that case, we must suppose that in hydro-fluosilicic acid, the metallic 


oxide (KO) is replaced by HO. But the hydro-fluosilicic acid cannot be 
obtained in the anhydrous state assumed in the calculations a, 0, and c. 
The most concentrated acid that can be prepared is still combined, accord- 
ing to Berzelius, with 8 atoms of water more than that which exists 
according to calculation c: HO, HE +S8i0° 2HF+3Aq. 

Hydro-fluosilicic acid gradually evaporates at a temperature of 40° 
without leaving any residue; if evaporated on glass, it corrodes the surface ; 
for, fluoride of silicium is evolved at first, and the residual liquid becomes 
stronger and stronger in hydrofluoric acid, which subsequently evaporates 
also. Hence the acid attacks glass when evaporated upon it, but not 
when it is preserved in stoppered glass bottles. When evaporated in 
vacuo over oil of vitriol, it likewise corrodes the glass receiver; because, 
after the fluoride of silicium has been evolved, a compound richer in 
hydrofluoric acid remains and is gradually evaporated. Berzelius.)— 
Boracic acid precipitates silica from the solution and forms ter-hydrofluate 
of boracic acid. (J. Davy.) GARY 


SiO?, 3HF + BO? = BO’, 3HF + SiO”. 


—Oil of vitriol, or hydrochloric acid gas, absorbs water from the com- 
pound and liberates gaseous fluoride of silicium. (J. Davy.)—An excess of 
ammonia or soda (and of most other salifiable bases: Berzelius) gives rise 
to the formation of a hydrofluate, and separates the whole of the silica. 
(J. Davy.)—Salts of ammonia, potash, and soda produce a transparent, 
gelatinous precipitate, scarcely perceptible at first; those of baryta, a white 
crystalline precipitate, which becomes visible after a few seconds. From 
many other salts, likewise, hydro-fluosilicic acid throws down a silico- 
fluoride of the metal. (Berzelius.) 

Concentrated hydro-fluosilicic acid exposed to the air at ordinary tem- 
peratures, absorbs moisture till it reaches a certain degree of dilution; a 
very dilute acid, on the contrary, gives off water in the air till it attains 
the same degree of concentration. (Berzelius.) | 
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Sinicium AND NITROGEN. 
A. Nrrrate or Sit1ca.—Prepared like the hydrochlorate. 


B. Srricate or AmmonrA.—Pure liquid ammonia dissolves a tolerably 
large quantity of freshly precipitated silica; the carbonate dissolves it 
but very sparingly. (Karsten, Pogg. 6, 857.) 


C. Ammonio-CHLorIDE oF SiLictumM.—Formed by saturating chloride 
of silicium with dry ammoniacal gas.—White mass, resisting the action of 
fire, but decomposed by water. (Persoz, Ann. Chim. Phys. 44, 319.) 


3NH3, SiC? +2HO = 2(NH3, HCl) + Si0?+ NH3, 


Calculation. Persoz. 
SINGS sak Loc ods BLO 8: Seas sds 28 in? e.g ee eee 
BSC eet cok. ek BOL cil DRy eS uc) psec 
3NH?, SiC? .... 136°8 .... 100°00  .... 100-000 


D. FuvorinE or Sinicrum is capable of uniting with nitric omide, 
mtrous acid, hyponitric acid, and nitric acid. Monohydrated nitric 
acid (HO, NO*) absorbs gaseous fluoride of silicium greedily, producing 
a fuming liquid from which neither water nor alkalis precipitate silica. 
(Kuhlmann, dnn. Chim. Phys. 77,116; also Ann. Pharm. 39, 319.) 


EK. AMMONIO-FLUORIDE oF SiLictum.—One volume of gaseous fluoride 
of silicium condenses—in whatever proportions the two gases are mixed— 
with 2 measures of ammoniacal gas, forming a white powder which volati- 
lizes without being decomposed. Carbonate of ammonia is likewise decom- 

‘posed by fluoride of silicium at the temperature at which it volatilizes. 
The powder is resolved by hydrochloric acid-gas into sal-ammoniac ‘and 
gaseous fluoride of silicium. It dissolves in water, with separation of one- 
fourth of the silicium, yielding a solution of double hydrofluate of silica 
and ammonia. (J. Davy.)— 


2(NH3, SiF?)+4HO = (NH3,HF + SiO?, 2HF) + NH3,HF + SiO2. 


Consequently half of the silica must be separated; and the solution must 
contain one atom of hydrofluate of ammonia in addition to one atom of 
the double hydrofluate of silica and ammonia. 


Calculation. J. Davy. 
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F, Fivorme or Sinicium anp Ammonium and HyproFrivate OF 
SILicA AND AmMoniA.—I1. An intimate mixture of sal-ammoniac and 
silico-fluoride of potassium or sodium is heated in a glass vessel till the 
compound sublimes. (Berzelius.)—2. Terhydrofluate of silica is neu- 
tralized with a dilute solution of ammonia. On neutralizing hydrofluo- 
silicic acid with ammonia, a small quantity of silica is thrown down, and 
the mother-liquid still remaining in the crystalline mass contains pure 
hydrofluoric acid or bi-hydrofluate of ammonia. An excess of ammonia 
is to be avoided, as it would precipitate the silica still more completely. 
(Berzelius.) When the solution is evaporated spontaneously, the salt 
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erystallizes in large short, transparent, brilliant, four-sided (J. Davy), or 
six-sided (Berzelius) prisms, containing water of crystallization. The 
erystals decrepitate slightly when heated, and, without fusing or under- 
going decomposition, sublime in a solid crystalline mass. (Berzelius.) 
The salt has a strong saline taste and reddens litmus. (J. Davy.) 


Fluoride of Silicium and Ammonium. 
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The amount of water contained in the crystalline compound has. not 
yet been ascertained by experiment. 

A solution of the salt boiled in glass vessels dissolves a portion of 
their silica, which is again thrown down on diluting with water. (J. 
Davy.)—Sulphurie acid decomposes the salt, with evolution of gaseous 
fluoride of silicium and of hydrofluoric acid; the action of hydrochloric 
acid gas is less energetic; and the concentrated aqueous acid does not 
affect it at all. (J. Davy.)—Potash liberates ammonia and forms fluoride of 
silicium and potassium, but does not precipitate silica; soda, accord- 
ing to J. Davy, acts in a similar manner to potassium; according to 
Gay-Lussac & Thénard, it precipitates the whole of the silica; ammonia 
forms hydrofluate of ammonia, and separates all the silica in the salt. 
(J. Davy.) According to Gay-Lussac & Thénard, and likewise according 
to Berzelius, a portion of silica remains dissolved in the aqueous solution. 
—The salt is very soluble in water, but does not deliquesce in the air. 
(J. Davy, Berzelius.) 


SILICIUM AND PoTassIuM. 


A. Srricipr oF Porasstum.—The two elements, when heated toge- 
ther, unite without perceptible incandescence. The compound containing 
a larger proportion of potassium than silicium is dark greyish-brown, 
and dissolves entirely in water, evolving hydrogen gas and yielding 
silicate of potash; the compound which contains more silicium than potas- 
sium—obtained by the decomposition of fluoride of silicium by potas- 
sium, and also by strongly igniting the first compound—leaves a residue 
of silicium when digested in water. (Berzelius.) When vapour of potas- 
sium is passed over ignited silica, silicate of potash and silicide of 
potassium are produced, and dissolve in water without leaving any 
residue. But if the greater part of the potassium be previously expelled 
at a strong red heat, and the remaining vitreous mass digested, first in 
water and then in hydrofluoric acid, a small quantity of silicium is left 


behind. (Berzelius.) 


B. SrztcatE oF Porasu.—a. Aonosilicate.—Silica fused with an 
excess of carbonate of potash expels a quantity of carbonic acid, the 
amount of oxygen in which is equal to that in the silica itself. (H. Rose, 
Gilb. 78, 84.) Consequently, one atom of SiO” expels one atom of CO*, 
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The salt is formed by fusing 31 parts of silica with 69-2 parts of carbo- 
nate of potash (= 1 part : 21 parts).—Transparent and colourless glass 
which deliquesces in the air. | | Sehr ae | 
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Berzelius fused 1 part of silica with 4 parts of hydrate of potash; 
slowly cooled the mixture till one-half solidified; and then poured off the 
remaining liquid. Pearly crystals of silicate of potash were obtained in 
this manner, but their composition is not stated. . 
 b. Hydrated.—Kiceselfeuchtigheit, Liquor Silicum.—1. By dissolving 
the fused compound in water.—2. By dissolving silica in solution of 
caustic potash. Freshly precipitated, unignited silica dissolves even in a 
cold aquéous solution of potash, with evolution of heat; artificially pre- 
pared silica, after strong ignition, also dissolves completely but slowly in 
a cold solution, and rapidly in a boiling solution of potash. The different. 
kinds of opal behave like precipitated silica; of all the varieties, hyalite 
dissolves the most slowly in a cold solution of potash. Quartz, even in a 
state of minute division, is perfectly insoluble in a cold solution, and dis- 
solves but very slowly and with great difficulty in a boiling solution of 
potash. (Fuchs, Schw. 24, 878; 67, 418.) When pounded rock-crystal is 
boiled to dryness with three several quantities of potash-ley (till, in fact,” 
nothing but hydrate of potash remains) solution is effected. (Lowitz, Crell. 
Ann. 1799, 2, 875.) Glass likewise dissolves with various degrees of 
readiness in a hot solution of potash, yielding a similar liquid. | 
The silica-solution is transparent (unless accidentally rendered turbid 
by the presence of silicate of lime, &c.); has a strong alkaline taste 
and reaction; and is corrosive.—Acids separate the potash from it. 
According to Dalton, the addition of an acid in quantity not sufficient for 
saturation, precipitates a compound of the potash with excess of silica; 
a larger quantity throws down the silica in the form of a gelatinous 
hydrate, leaving in solution a quantity of silica, which is greater in propor- 
tion to the degree of dilution and to the excess of acid employed. %-Accord- 
ing to Doveri (WV: Ann. Chim. Phys. 21, 40), an excess of acid added drop 
by drop to a solution of silicate of potash, of density between 36° and 24° 
Baumé, precipitates 5%, of the silicic acid; from a solution of 8° B., 345 are 
precipitated, while a solution of 6° B. retains the whole of the silica. If the — 
acid be added at once and not in drops, or if the silica solution be added 
to the acid, no precipitate is obtained,,even in concentrated solutions. 
But the addition of chloride of potassium to the solution of 6° B. renders 
it capable of being precipitated by hydrochloric acid. The silica appears 
to combine with the acid at the moment of liberation; for on neutralizing 
the acid with potash added drop by drop, the whole of the silica is pre- 
cipitated. Carbonic acid and alkaline bicarbonates precipitate silica from 
the solution, so that the mixture assumes a pasty consistence, resembling 
coagulated albumen; the precipitate is insoluble in acids. | From a 
concentrated solution of silica, acids immediately precipitate gelatinous. 
silica, which afterwards dissolves with great difficulty and only in excess 
of the acid.—If to a dilute solution of silica in potash, containing at 
least =, of silica, a quantity of acid be added sufficient only to neutralize . 
‘the potash, the mixture at first continues clear; but, according to Berg- 
man (Opusc. 8, 815), becomes turbid immediately on boiling, and slowly 


~~ 
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at ordinary temperatures, with separation of viscid flakes which are not 


dissolyed-on a further addition of acid. (Karsten.) A dilute silica-solu- 
fon supersaturated with sulphuric, hydrochloric, nitric, or acetic acid — 
remains clear, even after long standing or exposure to heat, or when 
nitre and other salts are dissolyed in it; and it is only by evaporation 


that a precipitate of gelatinous silica can be obtained from it.—If.a dilute 


solution of silica be first. supersaturated with hydrochloric acid and then 
mixed in a close vessel with enough carbonate of ammonia to neutralize 
all the hydrochloric acid, so that free carbonic acid alone remains in the 
liquid, the silica is held in solution by the latter, but separates on 
exposing the liquid to the air or on heating it, in consequence of the 
evolution of carbonic acid. (Karsten, Pogg. 6, 357.)—Solution of silica 
exposed to the air absorbs carbonic acid and is converted, in the course of 


a fortnight, into a transparent jelly which gradually shrinks together, and 


after some months becomes hard enough to scratch glass. It is probable 
that opal and flint are formed in a similar manner; at all events, potash 
enters into their composition. (Kuhlmann, Ann. Pharm. 41, 231.) The 
ammoniacal salts also precipitate solution of silica, their acid neutralizing 
the potash and the ammonia being set free-—Baryta, strontia, and lime- 
water, and likewise alumina dissolyed in solution of potash, throw down 
the whole of the silica, together with part of the potash, in the form of a 
double silicate, the rest of the potash remaining in the liquid in the free 
state. (Guyton Moryeau, Ann. Chim. 81, 246; Bucholz, Z’aschend. 1812, 


156; Dobereiner, Schw. 10, 113.) 


_ 6. Bisilicate—If a solution of precipitated silica in excess of boil-— 
ing potash, is mixed with about half its volume of alcohol, a solution 
of bisilicate of potash separates, and forms a distinct stratum beneath 
the alcoholic solution. The latter is poured off; the heavier stratum 
diluted with water; again precipitated with alcohol and left in contact with 
that liquid for the space of twenty-four hours. The transparent liquid 
beneath is then covered with a thin stratum of carbonate of potash, and 
lastly with alcohol, from which it is separated by a syphon. (Forch- 
hammer, Pogg. 35, 339.) 
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 ¢. Tetrasilicate.—Soluble Glass of Fuchs.—1. Fifteen parts of powdered 
quartz are ignited with 10 parts of crude potash and one part of char- 
coal, (which decomposes and expels the sulphuric acid contained in 
the potash) till perfect vitrification takes place. The hard, blistered, 
greyish-black glass thus obtained, is pulverized—then boiled with five 
times its weight of water (in which it dissolves slowly but almost 
entirely in the course of four hours)—and the solution finally evapo- 
rated. (Fuchs.) With a larger proportion of silica, or in presence of 


lime, alumina, &c., which form double salts, an insoluble glass is pro- 


duced, (Fuchs.) Buchner (2epert. 46, 580; 51, 393) uses 6 parts of 
powdered quartz and 10 parts of half-refined tartar.—2. An aqueous 
solution of potash is saturated with freshly precipitated hydrate of silica 
and evaporated. (Fuchs.) In order to obtain the mass prepared by 
either of these methods, in the anhydrous state, it must be heated till : 
it fuses. Hard, transparent, rather infusible glass, which, on exposure 
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to the air, absorbs so much water (without any external change, except- 


ing that it becomes slightly fissured) that it swells up strongly when 
heated. (Fuchs.) 
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Hydrated.—The substance obtained by simply drying the solution 

is colourless, transparent, and brittle, with a conchoidal, vitreous fracture, 
but softer than glass. It has a slightly alkaline taste and reaction, and 
after thorough drying, contains 26 per cent. of potash, 62 of silica, and 
12 of water. The salt is permanent in the air; does not absorb carbonic 
acid from it; and effloresces only when accidentally mixed with other 
salts of potash. In the fire it swells up from loss of water, then fuses, 
and forms anhydrous soluble glass. Dilute acids decompose it, with 
separation of silica, more easily than concentrated acids. It dissolves but 
very slowly in cold, but readily in boiling water. (Fuchs.) 
“A concentrated solution containing 28 per cent. of anhydrous soluble 
glass, is syrupy, tenacious, somewhat turbid, and of specific gravity 1°25. 
On boiling or on exposure to the air, it becomes covered with a 
tough skin, which disappears when thrust beneath the liquid. After 
evaporation at a high temperature, it becomes very tenacious, and - 
may be drawn out in threads, like melted glass. It dries up to a 
varnish when spread upon wood, &c., the combustibility of which it 
diminishes. A dilute solution absorbs carbonic acid from the air; a con- 
centrated solution scarcely at all; it is decomposed, however, by a current 
of carbonic acid gas, and converted into a stiff jelly. The stronger acids 
precipitate silica from the solution, The alkaline carbonates and chlo- 
rides also—especially sal-ammoniac (and according to Persoz, acetate of 
soda)—precipitate the silica. Sal-ammoniac precipitates a dilute solution 
gradually, and a concentrated solution immediately, converting it into a 
tenacious mass. The precipitate is pasty at first, and, after long-continued 
washing, leaves pure silica. Baryta, strontia, lime, alumina, and oxide 
of lead combine with the whole of the silica and a portion of the potash, 
forming an insoluble compound. Nearly all the soluble salts of the earths 
and heavy metallic oxides, likewise produce a bulky precipitate. Phos- 
phate of alumina, and carbonate, phosphate, or sulphate of lead, when 
rubbed up with a solution of soluble glass, yield a tenacious mass, which 
becomes as hard as stone in the air; phosphate of lime is not decomposed 
by it. Alcohol, even in small quantity, precipitates soluble glass from an 
aqueous solution, and thus affords the means of purifying it from other salts 
of potash. (Fuchs, KXastn. Arch. 5, 385.) The alcohol, however, with- 
draws potash—eyen in the precipitation of the salt, and still more on 
washing—until octosilicate of potash alone remains. (Forchhammer.) 


d. Potash-glass.—a. One part of carbonate of potash fused with 2 
parts of quartz-sand, yields a glass which is but partially soluble in water. 
6. With 3 parts of quartz-sand, an insoluble glass is obtained, which, 
however, is very refractory in the fire, and consequently ditlicult to work. 
(Fuchs, Kastn. Arch. 5, 396.) In a, one atom of potash is combined 
with about 4°5 atoms; in 6, with about 7 atoms of silica. 


_ @ Octosilicate.—An aqueous solution of soluble glass (tetrasilicate) 
ig mixed with excess of alcohol, and the precipitate washed with al- 
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cohol of 80 per cent. till the alcohol which passes through is no longer 
alkaline. The hydrated residue is only partially soluble in hot water; 
vid. seq. (Forchhammer.) 
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A mixture of one atom of potash with even 9 atoms of silica is still 


‘completely fusible at the heat of a blast-furnace; with 15 atoms of silica, 


the mass scarcely cakes together. (Mitscherlich. ) 

f. With 18 atoms of Silica.—On thoroughly boiling the cctosilicate 
of potash in water, the tetrasilicate dissolves, and leaves a residue of 
hydrated octodeca-silicate of potash. (Forchhammer’s analysis of the tetra- 
silicate (III. 372) was performed with the salt prepared by this method.) 
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g. With 24 atoms of Silica.—This is the gelatinous precipitate which 
separates on cooling from a solution of silica in boiling carbonate of 
potash, thoroughly purified with water and dried in the air. (Forch- 
hammer. ) 
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One measure of powdered charcoal or graphite heated to whiteness 
for three hours with 6 measures of silica containing a small quantity of 
potash, in a crucible covered with sand, yields a black glass, in which 
the eye cannot discover any black powder intermixed. But on dissolving 
the silica in hydrofluoric acid, the carbon is separated in a pulverulent 
form. (Prater, Phil. Mag. J. 20, 72.) [Probably a mere mixture. | 


C. Carponate or Sinica AND Porasn.—A boiling aqueous solu- 
tion of carbonate of potash dissolves the hydrate of silica, and likewise 
silica which has not been too strongly ignited, and deposits it again as 
an opalescent jelly on cooling. (Pfaft, Schw. 29, 383.) Powdered quartz 
is the least soluble. Opal and silica after ignition are more easily dis- 
solved, and unignited silica most readily of all. (H. Rose.) The earth 
which separates on cooling retains 5'; At. potash. (Forchhammer.) 


D. Sutpume oF Sitictum amp Porasstum.—Silicide of potassium 
is first heated with sulphur—whereupon the potassium becomes incan- 
descent and combines with the sulphur—and the mass afterwards exposed 
to a white heat, at which temperature the potassium gives up a portion 
of sulphur to the silicium, and is itself reduced to a lower degree of 
sulphuration. The mass, before it has been heated to whiteness, dissolves 


a | Setter, 2 


E. Frvorme or Srzicrtum AND Porasstum.—Silicium explodes with 
double fluoride of hydrogen and potassium at a temperature considerably 
below redness. When terhydrofluate of silica is added to an aqueous 
solution of potash, or of a potash-salt (in the latter case the acid of the 
salt is set free: Scheele), the double fluoride separates very slowly, and is 
at first scarcely visible; afterwards, it produces prismatic colours in the 
liquid, and igs finally deposited as a transparent, gelatinous, iridescent 
mass. This mass dries upon the filter to a soft, white powder, which 
has an acid, bitter taste, and reddens litmus. By evaporating a saturated 
aqueous solution, the compound may also be obtained, in very small 
anhydrous crystals, having the form of the rhombohedron or the six-sided 
prism. (Berzelius.) 
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Fluoride of silicium and potassium fuses at a low red-heat; at a 
higher temperature it boils, and slowly evolves gaseous fluoride of sili- 
cium, but continually becomes more and more refractory, till, after pro- 
longed ignition, fluoride of potassium is left containing silica in solu- 


tion, (because, when the process is performed in an open crucible, the 


aqueous vapour of the flame of the spirit-lamp separates a portion of 
silica from the fluoride of silicium). Heated with potassium, it is resolved 
into silicium and fluoride of potassium. Ignited with iron at a white 
heat, it yields a mixture of fluoride of potassium, fluoride of iron, and 


silicide of iron. When oil of vitriol is poured upon it, gaseous fluoride | 


of silictum and hydrofluoric acid are evolved. It is only partially 
decomposed by digestion with aqueous solution of boracie acid; so that 
the quantity of the silica separated is very far short of the whole. 
It is not decomposed in the cold by a solution of caustic potash or car- 
bonate of potash; but when it is boiled with the latter, carbonic acid is 
evolved and complete decomposition effected; on cooling, the separated 
silica is deposited in a gelatinous form, leaving hydrofluate of potash in 
solution. (Berzelius.) It removes every trace of lime from lime water. 
(Scheele.) It dissolves very sparingly in water, more freely, however, 
when the water is hot. (Scheele, Gay-Lussac & Thénard.) a 
f, Srnicatep FivorieE or Porasstum.—Fluoride of potassium in a 
state of fusion unites with silica, forming a transparent, fused mass, which: 
does not evolve fluoride of silicium ata rather strong red heat; but, on 
cooling, solidifies to a white enamel, which deliquesces in the air, and. 
dissolves in water with separation of silica, (Berzelius.) . 


a 


in water, with separation of a considerable quantity of silicium. Sulphide a 
of silicium and potassium is blackish brown, and dissolves in water without 
residue, probably as silicate and hydrosulphate of potash. (Berzelius.) 
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G. Nrrrive or Sinictum AND Porasstum(?)—A mixture of 6 parts of 
silica with 13 parts of cyanide of potassium, exposed for an hour in @ 
closely covered crucible to the heat of a smith’s forge, yields a porous 
glass which fuses tranquilly in the inner blowpipe flame, but with evolu- 
tion of gas in the outer; and when heated with a mixture of hydrate of 
lime and carbonate of potash, evolves a large quantity of ammonia, even 
after being thoroughly washed with water or boiled with sulphuric acid. 
(Balmain, Phil. Mag..J. 21, 276; also J. pr. Chem. 27, 422.) 


Siniclum AND SODIUM. 


A. Smricarn or Sopa.—a. Monosilicate—81 parts (1 At.) of silica 
fused with 53-2 parts (1 At.) of dry carbonate of soda, give off carbonic 
acid, and form a soluble glass resembling the glass of the silica-solution 
(liquor silicum). 

Hydrated.—In an aqueous solution of soda, a quantity of silica is 
dissolyed equal to the quantity of anhydrous soda present; the liquid is 
then evaporated and left to crystallize. A concentrated solution solidifies 
after some days to a crystalline mass; a more dilute solution deposits hemi- 
spherical, fibrous masses or a crystalline crust. The crystals sometimes con- 
tain 6 atoms, sometimes 9 atoms of water of crystallization. (Fritzsche. ) 

a. Sexhydrated.—Oblique rhomboidal prisms, belonging to the doubly 
oblique prismatic system. (Fritzsche. ) 
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6. Octohydrated.—Crystallizes from the mother-liquid obtained in the 
purification of crude soda. White rhombs, permanent in the air, and having 
@ caustic taste. The salt melts in its own water of crystallization, and 
leaves a white, swollen mass, which does not fuse over the flame of the 
spirit-lamp. Very soluble in water. (R. Hermann, J. pr. Chem. 12, 294.) 

y. With 9 atoms of Water.—Right rectangular prisms terminated with 


the four faces of a rhombic octohedron, together with four faces of a. 


more acute rhombic octohedron. Ina glass jar over oil of vitriol, the 
crystals effloresce throughout their whole mass. The salt attracts car- 
bonic acid from the air without deliquescing. Fuses at 40°, and forms a 
syrupy liquid, which solidifies again, but not till after the lapse of some 
days. (Fritzsche, Pogg. 48, 135.) , 
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b. Five-halves Silicate of Soda.—One part of quartz fused with 2 parts 
of crystallized carbonate of soda yields a soluble glass similar to the 


potash compound, and preferable to it for practical purposes. (Fuchs.) 
In this glass, 2°8 atoms of silica are combined with 1 atom of soda; but it 
likewise contains alumina derived from the earthen crucible: if a larger 
excess of silica were present, the alumina would render the glass 
insoluble. sgt ear 


c. Tersilicate.—o. 100 parts of quartz fused with 40 parts of hydrate 


of soda, and rapidly cooled, yield a peilucid glass; but if very slowly — 


cooled, a brownish glass with crystalline points. Both varieties contain 
21°6 per cent. of soda, 2:0 of alumina (from the crucible), and 76°4 of 
silica. (Dumas.) = 

8. The glass obtained by fusing 3 parts of powdered quartz with 2 parts 
of dry carbonate of soda ina platinum crucible, is reduced to powder 
—washed with cold water—and afterwards boiled for a long time with 
the same liquid. The solution thus obtained is mixed with alcohol in 
such quantities, that the mixture may contain 30 per cent. of absolute 
alcohol. A white precipitate is then thrown down, and is purified by pour- 
ing off the spirituous liquid, dissolving in water, and re-precipitating by 
“means of alcohol. The white precipitate dries up to a transparent var- 
nish, still containing water. The same compound is found in the water 
of the Geiser springs. (Forchhammer, Pogg. 35, 348.) 
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d. Tetrasilicate—The boiling mother-liquor is saturated with artifi- 
cially prepared and unignited silica, and the alkaline filtrate evaporated 
to dryness. It becomes more and more tough, and when dried at a 
temperature of 117° (242°6° F.) leaves a pale yellow, transparent glass. 
This, on ignition, loses water and swells up to a spongy mass, which is 
infusible in the blowpipe flame, and does not absorb moisture from the 
air. ‘I'he vitreous mass, before ignition, absorbs water from the air, and 
dissolves very slowly in water. A solution so far diluted as to contain 
only from 5 to 2, part of silica, solidifies immediately when exactly 
neutralized with an acid, and forms a solid transparent Jelly, cen Water ee 
to zoo part of silica it does not form a jelly till after the lapse of twelve 
hours; with =1, part of silica, no reaction takes place. The slightest 
excess of acid prevents the formation of the jelly. If a current of car- 
bonic acid gas be passed through a solution containing 54, part of silica, 
no jelly is fornied till the liquid has been boiled or exposed to the air. 
With sulphate or hydrochlorate of ammonia, a solution of the above 
strength forms a jelly after a few minutes; a solution containing =, to 


soon part of silica, deposits a few flakes in the course of 24 hours. (A, J. 
Walcker, V. Quart. J. of Sc. 3. 371.) 
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One atom of soda may be fused with 9 atoms of silica in a blast- 
furnace; with 15 atoms it merely forms a caked, semi-vitrefied mass. 
(Mitscherlich.) 

e. With 36 atoms of Silica.—Freshly precipitated silica is dissolved in 
a boiling concentrated solution of carbonate of soda; the solution filtered; 
aud the precipitate which forms on cooling, thoroughly washed with 
boiling water. (Forchhammer, Pogg. 35, 343.) 


Ignited. Forchhammer. 
UNE rae eenn pecs enets bp der 4 ie Need FOP ra hes cnwiesd 2°74 
Fi soy) Osea FE EOSO 628 BP ccanctes 97°26 
att SusiOF i L472) ce DOC00 a asides 100°00 
Dried in vacuo. — Forchhammer. 
Sn gt ae ee ee dl Oe , 
BORE ee. 1160 ... aes) ite 
TT) Oe ee ea 30°04 duc? SCR era 3°63% 
Soe os a ere LISS 2.57> 6 LOG Da ee 100°00 
Glass. 


Glass is a mixture of silicate of potash or soda, or of both, with one or 
more silicates insoluble in water, as silicate of baryta, strontia, lime, mag- 
nesia, alumina, protoxide of manganese, protoxide of iron, sesquioxide of 
iron, and oxide of lead. Pure silicate of potash or soda, or a mixture of 
the two, even with a sufficient quantity of silica to form a very infusible 
glass, would still be attacked by water and acids. Silicate of lime is 
likewise acted on by acids; but a mixture of it with silicate of potash or 
soda resists their action. Such mixtures of silicate of soda or potash with 
silicate of lime, &c., are more fusible than the simple salts, and require a 
smaller amount of silica to render them capable of resisting the action of 
water and of acids. They contain between 2 and 3 atoms of silica to 
1 atom of base, and still less when alumina is also present. The glass is 
more infusible, and offers greater resistance to the action of water and of 
acids, the larger the proportion of silica and alumina it contains; it is 
more easily fused and attacked by water and acids, the greater the excess 
of potash, soda, baryta, lime, magnesia, or oxide of lead which it contains; 
an excess of the last-mentioned oxide renders it particularly fusible, of a 
high specific gravity, soft, easily scratched, and corroded by acids. Ac- 
cording to Baudrimont & Pelouze (J. Chim. Med. 9, 277), the lustre and 
refractive power of glass increase with the atomic weight of the bases 
contained in it; thus, these qualities are possessed in the highest degree. 
by lead-glass, next by baryta-glass, next by potash-glass, and least of all 
by soda-glass. 

The following substances yield the ingredients necessary for the for- 
mation of glass. ; ¥i 

Silica: Ground quartz or flint, or quartz-sand, which is sometimes 
treated with hydrochloric acid to free it from adhering sesquioxide of iron. 
—Potash: Crude potash and wood-ashes (this likewise yields lime and ses- 
quioxide of iron).—Soda: Carbonate of soda; sulphate of soda with char- 
coal (which decomposes the sulphuric, acid); native and artificially pre- 
pared soda (which at the same time yields lime) ; common salt, by which 
the potash-glass—produced by using carbonate of potash—is converted 
into soda-glass and chloride of potassium,—Baryta: Heavy spar mixed 


378 SILICIUM. cS 


with charcoal, or carbonate of baryta; rarely employed. According to — 
Baudrimont and Pelouze, one atom of heavy spar, with 3 atoms of sul- — 
phate of soda and 4 atoms of charcoal, yields a peculiarly brilliant, — 
fusible, and easily worked glass, resembling Crystal.—70 parts (1 atom) 
of carbonate of potash, 54. parts (1 atom) of carbonate of soda, 99 
parts (1 atom) of carbonate of baryta, and 224 parts (7 atoms) of 
silica yields a very transparent glass which scratches window glass. (Do- 
bereiner, Pogg. 15, 243.)—Strontia: Sulphate of strontia with charcoal, 
or carbonate of strontia. 70 parts (1 atom) .of carbonate of potash, 
54 parts (1 atom) of carbonate of soda, 74 parts (1 atom) of carbo- 
nate of strontia, and 224 parts (7 atoms) of silica, yield a remarkably 
beautiful glass, specifically heavier, more refractive, and much more 
fusible than crown glass. (Débereiner.)—Lime: Lime, after being burned 
and slaked to powder; chalk marl (which also yields alumina); wood ashes; 
the same exhausted with water; crude soda.—Ozide of lead: Litharge; 
minium, ‘white lead, or 1 atom of galena with 3 atoms of sulphate of 
soda, whereby 4 atoms of sulphurous acid are evolved.—Alumina: 
Quartz-sand containing clay, marl, felspar, basalt, magnesian limestone, 
pumice-stone, and other minerals containing silicate of alumina and an 
alkali: they must not however be added in too large quantity, because — 
the presence of too much alumina produces in the glass a tendency to ~ 
crystallize. The mass of fused glass also dissolves alumina from the pots. 
Oxidizing agents—such as nitre, arsenious acid, and peroxide of man- 
ganese—are added in the preparation of white glass, partly to oxidize the 
carbon contained in the wood-ashes or soda—which would render the glass 
brown; partly to convert the protoxide of iron into sesquioxide, inasmuch 
as a quantity of iron which, in the state of protoxide, would give the glass 
a dark bottle-green colour, will, if converted into sesquioxide, impart to it 
a light yellow tint of much less intensity. If too much sesquioxide of — 
manganese is added, so that the carbon and the protoxide of iron cannot 
reduce it all to the state of protoxide, which dissolves in the glass without 
producing any colour, a portion is taken up in the state of sesquioxide, 
and stains the glass red; an excess of arsenious acid imparts a white 
turbidity to the glass. ws 
Substances causing turbidity. .Bone-ash produces a milkiness in the 
glass: Bone-glass. Binoxide of tin renders lead-glass opaque: Hnamel. 
Colouring agents. Blood-red: dinoxide of copper. Carmine-red: 
purple of Cassius. Violet-red: peroxide of manganese. Blue: oxide of 
cobalt, protoxide of copper. Green: the same substances, together with 
sesquioxide of iron; sesquioxide of chromium. Yellow: oxide of anti- 
mony, sesquioxide of iron. Yellow with a greenish lustre: sesquioxide of 
uranium.—Aventurine glass contains, according to Wohler (Pogg. 58, 
286), fine octohedral segments of metallic copper. (Vid. Aventuri glass, 
p. 381.) | ; : } 
The above ingredients, pulverized and mixed in the proper propor- 
tions, constitute the Glass-fret. This is, in most cases, first exposed in 
the Fret-oven to a gentle heat, which expels water and part of the car- 
bonic acid, and diminishes the subsequent swelling or frothing up of the 
mass. It is then put into large crucibles called glass-pots, made of very 
refractory clay, six of which are commonly arranged on ledges in a 
circular or oblong furnace, and exposed to a continually increasing heat 
for twelve or more hours, till the mass becomes free from bubbles, quartz- 
granules, and streaks (arising from portions of glass-gall still remaining 
in it). Chloride of potassium, chloride of sodium, sulphate of potash 
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and sulphate of soda float on the surface in the form of a thin fluid 
stratum, which is skimmed off: the scum is called Glass-gall, or Sandivir. 
The glass is then formed into the required shapes and afterwards cooled 
from a red heat, as slowly as possible, in the Annealing furnace. 

Bottle-glass.—Specific gravity about 2°732; very infusible, on account 
of the small proportion of potash and soda and the large quantity of 
alumina which it contains.—a. From Souvigny: Prepared from quartz- 
sand, marl, elutriated wood-ashes, and a small quantity of common salt. 
The phosphoric acid present in the glass arises from the phosphate of lime 
in the wood-ashes. (Berthier.) Its composition is nearly 3(CaO, 2Si0*) + 
AlO°, Si0%—d. From St. Etienne: In the preparation of this glass, 
heavy spar is employed. (Berthier.)—c. From Epinac: Prepared by 
simply fusing together two different kinds of sand, one of which contains 
61:7 per cent. of carbonate of lime, 35°6 of carbonate of baryta, and 1:2 
of clay; the other (a mixture of quartz-sand, and felspar), 6 per cent. of 
potash, 2 of sesquioxide of iron, 0°7 of sesquioxide of manganese, Li 
of alumina, and 80 of silica. (Berthier.)—d. From Sévres: This glass 
is with difficulty reduced to a white mass, neither crystalline nor fibrous 
in its texture. (Dumas.)—e. Of unknown origin: Kasily converted into 
fibro-crystalline Reaumur’s porcelain. (Dumas.) 

Pale-green Glass used for medical bottles and chemical apparatus.— 
Hard; bears changes of temperature better than white glass. a, 6, ¢, d, 
are four French varieties analyzed by Berthier. 


Bottle-glass. Glass for medical bottles. 
a. b. C. d. é. a. b. C: d. 

1 ES Boe 432 5°48 61 106 10°5 8-0 
Ce i | 30 16-4 
Ba0O ..... 0:9 . 
CaO «4/2293 20°7 18:0 29°22 28°1 10°0 16°2 13°0 15°6 
MeO 0°6 7:0 . 0°6 22 
MnO... 1:2 0-4 0:3 1°2 
Fe’03.... 4°0 3°8 4°4 5°74 6°2 15 2°5 1°6 0:7 
APO?.... 8:0 10°4 6°8 6°01 14°0 3°0 4°5 3°6 2°4 
SiO? .... 60°0 60°4 59°6 53°59 45°6 71°6 62°5 69°6 62°0 
PO? «04 

99°0 100°0 99°4 100700 100-0 97°0 97°4 99°4 99°3 


3 Window-glass.—A pproximately, NaO, 2Si0?+Ca0,2Si0*, a to f 

French; g English. j and g, the hardest and most infusible; 6, the next; 
d, the softest and most easily fused of the whole. In France, a mixture 
is used of 100 parts of quartz-sand with between 30 and 40 parts of dry 
carbonate of soda (or as much sulphate with charcoal) and 30 to 40 parts 
of carbonate of lime. (Dumas.) © . 


dt. b. C, d. é. 2 g. 
TO) Se icaseeervae 15°22 11°30 12°88 17°70 13°7 10°1 111 
EN Oe err ts 13°31 17°25 16°17 9°65 78 14°3 12°5 
AMO? cis... 1°82 2°20 2°40 4°00 10:0 7°6 7°4 
BS ages 69°65 69°25 68°55 68°65 68°5 68:0 69°0 


100°00 100-00 100°00 100°00 100°0 100°0 100°0 


German Window-glass generally consists of a double silicate of lime and 
potash, ¢.g. 100 parts of quartz-sand, 50 parts of pearl-ash, from 25 to 30 
parts of chalk, and 2 parts of nitre. In many mixtures, however, common 
salt is an ingredient; or it is really a Glawber’s salt glass, which according 
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to Gehlen is prepared with 100 parts of quartz-sand, 50 parts of dry — 
Glauber’s salt, 17°5 to 20 parts of lime, and 4 parts of charcoal. ae 

French Mirror-glass.—Specific gravity, 2°488 ... 2°506. Containing 
about 2(NaO, 38i0?)+ CaO, 3810”. The variety a examined by Berthier, 
b by Tassaert, c and d by Dumas. All the varieties have a bluish tinge — 
arising from the soda (d the least); potash-glass is free from this 
defect. | 

Venetian Mirror-glass.—Containing about KO, 3S8i0?+ 2(Na0, 38107) 
4+ 3Ca0, 2Si02; ¢ obtained from an old mirror having a yellow tinge. 
(Berthier.) . 

Bohemian Glass.—Specific gravity 2'396 ; containing about 2(KO, 
3810?) + 3(CaO, 38i0*);—f obtained from a goblet from Neufeld in 
Bohemia, transparent and colourless (Berthier) ;—g from Neufeld (Gros) ; 
h from an old cup of Bohemian glass, perfectly transparent (Dumas); 
¢ ordinary Bohemian glass (Peligot.) 


a b C. d é. fs g. | ee k. 
ROS hse 5°50 69127. 110 118 15 2150 
NaGoilc. 170 «170. 175) 12°05 8125 a 
Cathe bx, 64 60 38 £4560 11°0 103 100 92.8 £99 
MgO was. 21 2°3 
MnO ........ (01 «0202 
FeO? ...... } ee a. | es 03 39 | 
APO? ........ A rh [28 2.80" TR 0S 2a ee ee 
AG se ae r2-0f ! teed 73°85 68°6 71:7 716 69'4 76 67:7 
99:1 100-0 100°0 100°50 98:2 981 101-2 100-0 100 100-0 


k. English Crown-glass;of specific gravity 2°487, has a composition 
similar to that of Bohemian glass. 

Crystal-glass.—Specific gravity 2°9 to 3:°255. From tersilicate to tetra- 
silicate of oxide of lead and potash. Pure silicate of lead is yellow; but . 
when it is combined with a sufficient quantity of silicate of potash, the 
mixture is colourless.—Crystal-glass is obtained from 100 parts of pure — 
quartz-sand, 60 to 70 parts of minium or litharge, and 30 to 40 parts of 
purified pearl-ash; sometimes an addition is made of 4 parts of borax, 3 
parts of nitre, 0:15 parts of arsenious acid, and 0:2 parts of peroxide of 
inanganese. | “4 

a. London Crystal-glass.—Transparent and colourless; used in the 
construction of philosophical instruments; contains about 2(KO, 48107) 
+3(PbO, 4810"); examined by Berthier. 

b. From Vonéche in Belgium; KO, 4810?+2(PbO, 4810*) nearly. 
(Berthier. ) ; 
; Sie Newcastle; 2(KO, 38i0?)+3PbO, 3810), nearly. (Ber- 
thier. 

d. Origin unknown; 2(KO, 3810?) + CaO, 3810? + 38PbO, 3810? nearly. 
analyzed by Dumas. | 

e. From England; KO, 3810*+ PbO, 3810? nearly; analyzed by 
Faraday. . = 

Flint-glass.—Bisilicate of lead and potash, prepared from the purest 
materials that can be obtained: for example, 100 parts of quartz, 50 
parts of carbonate of potash, 100 parts of minium, 3 parts of borax, 
0:15 parts of arsenious acid, and 0°2 of peroxide of manganese, Guinand’s 
flint-glass has a specific gravity of 3°3 to 3°6; Franenhofer’s, a specific 
gravity of 3-77.—a. Flint glass examined by Faraday. 0. Guinand’s 
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flint-glass, analyzed by Dumas, = 2(KO, 28107) +3(PbO, 2810°).—Do- 
_ bereiner (Schw. 54, 424) recommends the proportions of | atom of potash 
to 2 atoms of oxide of lead and 7 atoms of silica. Faraday’s flint-glass 
(Pogg. 18, 515), specific gravity = 5:44, has a very different composition, 
being a compound of oxide of lead with silicic acid and boracic acid. 

The Mentz Flux or Pierre de Strass used in the formation of artificial 
gems, consists of flint-glass with a smaller proportion of silicate of potash, 
prepared likewise with the purest ingredients: eg. 100 parts of quartz or 
rock-crystal, 32 to 52 parts of hydrate ‘of potash purified by alcohol 
(IIT. 13), 154 to 157 parts of minium, or 171 parts of pure white lead, 
6 to 9 parts of borax, + to + p.c. of arsenious acid.. Dumas analyzed the 
Strass manufactured by Donault-Weiland, the composition of which is 


nearly, KO, 2S10?+ 3(PbO, 2Si0”.) 


Crystal-glass. Flint-glass. Strass. 
ST om eee 
a. b. ¢: d. e. a. b. 

1. aes 9°0° 6°6 9°4 8°9 13°67 11°75 Pred 7°9 
CaO ... 2°6 0°5 
PbO..«..... 28°2 34°4 37°4 32°95 33°28 - 43°05 43°5 53°0 
MnO .,. 1:0 ; 0°8 | Trace. 
Fe?03 |. 0°4 
APO8... 1°0 1-2 1°8 1:0 
SiO? . 59°2 56°0 51°4 56°0 51°93 44°30 42°5 38°1 

97°8 98°0 100°2 100°0 98°88 99°10 100°0 100:0 


The flint glass 6 contains also a trace of arsenious acid, and the Strass 
a trace of borax in addition. 


@ Aventurine Glass.—A brownish coloured glass, interspersed with 
small spangles, which give it a peculiar shining appearance. This glass 
was formerly employed in the arts and for ornaments, and its manufac- 
ture was kept secret. Gahn has observed that the spangles consist of 
metallic copper crystallized in the form of flat segments of a regular 
octohedron. (Ann. Pharm. 45, 134, 1843.) Fremy and Clemandot have 
succeeded in preparing this glass by fusing together, for 12 hours, a 
mixture of 300 parts of pounded glass, 40 parts of copper scales and 80 
parts of iron scales, and afterwards cooling the mixture slowly. The 
glass thus obtained was somewhat dull, but contained copper diffused 
through it in octohedral crystals. (Compt. rend. 22, 339.) 

- Ruby-glass, containing Gold.—Splittgerber (Pogg. 61, 144) gives the 
following proportions, as affording an excellent glass of this kind: 3 lbs. 
41 oz. of fine white quartz, 1 lb. 14 oz. of nitre, 26 oz. of pure white soda 
(hydrate?), 8 oz. of carbonate of lime, 43 oz. of arsenious acid, 9 oz. 
of minium, 8 oz. of oxide of antimony, and the solution of a German 
ducat, weighing 3°41 grammes, in aqua-regia. The gold solution is first 
poured into the sand; the remaining ingredients then added, and the 
whole put into a glass-pot and exposed for more than 3 hours to a white 
heat. This method differs from former ones, in not having any purple 
of Cassius or oxide of tin added, those materials having hitherto been 
_always considered necessary. The glass thus obtained is perfectly colour- 
less, but on being heated to a temperature of 500°, assumes an intense 
ruby colour. The colour, when once produced, cannot be again destroyed 
by exposure to heat, even in an atmosphere of oxygen or hydrogen, or in 
a close crucible surrounded with sand, powdered charcoal, or oxide of 
zine, or by throwing the glass into a flux of nitre or chlorate of potash ; 
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before the oxyhydrogen blow-pipe, however, it loses its colour, but 
regains its original. tint on cooling and subsequent exposure to heat. — 
Splittgerber accounts for the peculiarities of this glass, by assuming that 
the gold in the colourless variety is in the form of oxide; and that when 
heated a second time, it is converted into the ruby-coloured oxide deseribed 
by Berzelius, in consequence of a portion of its oxygen combining with one 
or more of the other substances present—probably with the antimonious 
acid. The slight increase in bulk consequent on the second heating, 
appears to be in favour.of this view. Splittgerber likewise sueceeded im 
obtaining a coloured glass with purple of Cassius, but of a violet rather 
than a ruby tint. Rose (Pogg. 72, 556) gives the following proportions 
for ruby-coloured glass: 46 lbs. of fine quartz, 12 lbs. of borax, 12 Ibs. 
of nitre, one lb. of minium, 1 lb. of white arsenious acid, and a solution 
of § ducats in aqua-regia. The whole is then mixed and fused as before. 
The resulting glass is colourless, but when again heated to redness 
acquires a. ruby colour; Rose has likewise observed that the red colour is 
produced, whether the glass is heated in atmospheric air, oxygen, or car- 
bonic acid gas. By exposure to a heat at which it softens, it becomes 
opaque and liver-coloured. When it is fused before the oxyhydrogen 
blowpipe, colourless drops are obtained, which Rose could not again 
obtain of a red colour by heating. Rose is of opinion that the colourless 
glass contains silicate of gold, and that this compound, when heated, is 
decomposed, with separation of oxide of gold, which imparts the red 
colour to the glass; moreover, that the liyer-coloured glass probably 
contains metallic gold. 


Aventurin glass. - Ruby glass. 
e—_—S ————————— 
a. b. C. d. 
j 9) LPs SER aN AM ote Lc Uae areeane WE tek oe 6°70 
Mahon. G8 ane re ae a asarf 5°79 
CaO .... SO i oeea SG Pay cae 2°O8 ae 3°80 
MgO... Bie cg ns Cae, 5 cana An os ele 0°50 
FOO. cacti 6°5 FeO Bee hey: He ole ‘ 2°20 
NE sc as Gl Ya es Traces. 
IO ss occhcons is ae spec RNR 67°7 64°17 . -o898 
BA hance Is . 
WC bivishsiicas 3°0 sane 3°9 
> ee Traces. SnQ? 2:3 pe SnO? 0°69 
BERR ict. inc Bo -- > eeueds Cae eee 2°40 
NS SAR Om aa eae ig sanm PACES 
Mah A el ta ae en Bok Slot eae 5°06 7 eee 22°93 
1 Sa SS Re a em ee ee Sc: O-OG cece cea 0°40 
99:0 100°0 Widen Shae 101°99 


a. Aventurine from Venice, analysed by Gahn.—b. Analysed by 
Peligot.—e. Ruby-glass, analysed by Splittgerber, the gold found by 
experiment amounting to less than one-half the quantity per cent. added. 
—d. Venetian ruby-glass, in the form of round flattened masses, distin- 
guished from the ordinary varieties by being very fusible, and not losing — 
its red colour when melted; analysed by Bohme. (Lrdm. & March, J. 38, 
335.) T | 


Enamel is, for the most part, a double silicate of lead and potash, 
rendered opaque by binoxide of tin. In one specimen of enamel, Dumas 
found 8°3 per cent. of potash, 50°3 of oxide of lead, 9°8 of binoxide of 
tin, and 31°6 of silica. Antimonious or arsenious acid produces a similar 
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effect to the binoxide of tin. By adding colouring agents, principally 
metallic oxides (II]., 378) to white enamel, the coloured varieties are 
obtained. [See Wachter (Ann. Pharm. 69, 99) on porcelain colours for 
enamel, &c. | 

[On the subject of glass, see more particularly: Dumas, Ann. Chim. 
Phys. 44, 144; also J. Pharm. 16, 675; further in his Handb. d. angen. 
Chemie. 2, 579;—Berthier, Ann. Chim. Phys. 44, 433. ] 


Decomposition of Glass.—1. Water extracts potash or soda from glass, 
together with a portion of silica, the decomposition taking place with 
greater ease in proportion as the glass is richer in these alkalis and more 
minutely divided, and the temperature of the water higher. The powder 
filed off from a tube of white glass reddens moistened turmeric-paper. 
(Bischof, Kastn. Arch. 1, 443.) Finely-pounded plate-glass acts in a 
similar manner. (Faraday, Pogg. 18, 569.) Water triturated with pounded 
glass in an agate mortar becomes alkaline, and on the addition of sal- 
ammoniac deposits flakes of silica. (Fuchs, Kastn. Arch. 5,396.) Water 
becomes alkaline after long digestion with glass at a boiling heat, and 
likewise turbid from separation of an insoluble compound of silicic acid 
and lime. (Dumas.) An alkaline reaction is exhibited by the powder of 
bottle-glass, and of Reaumur’s porcelain formed from it; of plate-glass, 
crown-glass, flint-glass, and white enamel. After sufficient washing, it 
no longer reddens turmeric-paper, unless it be recrushed in a mortar. 
100 parts of finely-divided flint-glass boiled for a week with water, lose 
7 parts of potash, which may be obtained in the solid state by evapora- 
tion. (Griffiths, Quart. J. of Sc. 20, 258.) The moisture in the atmo- 

sphere produces a similar alteration, separating the potash and soda, 
and leaving the greater part of the silica with the lime on the surface 
of the glass: glass thus decomposed often exhibits prismatic colours on 
its surface. Sometimes this superficial decomposition is scarcely visible ; 
but, on warming the glass, numerous fine scales peel off, and leave the 
surface dull, opaque, and wrinkled. This fault shows itself in glass to 
which, for the sake of economizing fuel, too small a quantity of silica has 
been added. The pearly stratum with which specimens of antique glass 
found buried in the earth are covered, consists almost wholly of silica. 
(Griffiths.) Glass which has lain in a pit at least ten feet deep in the 
ground, is soft when dug up, and may be bent and indented, and even 
cut in two witha knife [hydrate?]; but after exposure to the air for a 
few hours, it again hardens,—and if it has been previously bent or 
twisted, it becomes yery brittle, like unannealed glass. (Colladon, J. Chim. 
Med. 16, 579.) 

2. All kinds of glass are corroded by hydrofluoric acid, with forma- 
tion, partly of fluoride of silicium, partly of the double fluorides of sili- 
cium and potassium, sodium, calcium, &c. A hot concentrated solution of 
phosphoric acid likewise decomposes every variety. Glass which is poor 
in silica is attacked by boiling oil of vitriol; and glass of yet inferior 
quality—that, namely, which becomes dull on exposure to heat (Dumas) 
—is acted on by boiling hydrochloric and nitric acids and aqua-regia (a. 
dull spot remaining after evaporation of the acid). (Berzelius.) The 
acids dissolve out potash, soda, lime, and other bases, and separate the 
silica. On pounded glass they act with much greater energy. From pul- 
yerized flint-glass, boiling hydrochloric acid extracts potash only, not the 
oxide of lead. (Griffiths.) “Many kinds of bottle-glass which resist the 
action of acetic acid are decomposed by the stronger mineral acids; thus 
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a bottle filled with sulphuric acitl will sometimes, at ordinary tempera- 
tures, gradually become covered with warty depressions, which at last 
penetrate through the substance of the glass. (Dumas.) In distilling hydro- 
chloric acid from a green glass retort, Hess (Pogg. 20, 540) obtained a 
crystalline sublimate [?] of silica, while chloride of potassium, sesquioxide 
of iron, and silica were dissolved. Many anhydrous salts of ammonia 
containing the stronger acids, also attack glass—especially lead-glass— 
when heated in contact with it; such is the case with a mixture of hydro- 
chlorate and nitrate of ammonia (Silliman), or with sulphate or bisulphate 
of ammonia (Marchand, Pogg. 42, 556.) 

3. Solutions of potash and soda dissolve out the silica of glass with 
greater ease in proportion to their temperature and degree of concentra- 
tion. Even at ordinary temperatures, the alkaline liquid partially 
dissolves the glass bottle in which it is preserved, frequently causing it 
to crack (III., 14). Even ammonia attacks many kinds of glass; a bottle 
made of flint-glass, and containing a solution of carbonate of ammonia, 
became so fragile, that, on shaking it, pieces of glass were detached. 
(Griffiths. ) 

4. Glass containing oxide of lead blackens when heated in the flame 
of a lamp or in hydrogen gas, from reduction of the oxide of lead—and 
when heated in sulphuretted hydrogen, from formation of sulphide of lead. 
From this cause, Guinand’s flint-glass becomes tarnished in dwelling-houses. 
(Faraday.) A bottle made of French glass, in which hydrosulphate of 
ammonia had been kept, acquired a metallic lustre, from formation of 
sulphide of lead. (Bischof, Br. Arch. 17, 242.) 


Crystallized or Devitrified Glass.—a. Many kinds of glass, when slowly 
cooled in the pots, separate into two portions, the one crystallizing in 
opaque prisms and needles, the other retaining its vitreous character. 
According to the following analysis of Dumas, it appears that the portion 
which crystallizes gives up soda to that which remains in the vitreous 
state. 


Crystallized portion. Vitreous portion. 
Na Oxieencaior 1429: 5c: aba 19°8 
Cat nueahte ti ay A? 8 are ELS 12°0 
APOe Te eis SE eee oo 
SiG? Joa. tee Gear reer ores 64°7 
10020 Swe easton 100:0 


6. Reaumur’s Porcelain.—Many kinds of glass, after exposure for 
several hours to a heat at which they become soft,—in a potter’s furnace, 
for example—pass into a condition resembling porcelain. Bottle glass 
is the most disposed to undergo this change, doubtless from the greater 
quantity of alumina which it contains; next in order is the more common 
sort of green window glass; white glass rich in lime is also liable to this 
change, but not pure silicate of potash or soda, or lead-glass. (Lewis, 
Dartigues. ) 

The devitrification takes place equally well if the glass vessels are 
surrounded within and without with an infusible powder or cement, to 
prevent them from losing their shape—e. g., sand, a mixture of sand and 
gypsum, bone-ash, clay, powdered bricks, lime, sesquioxide of iron, char- 
coal, or soot—as when they are heated by themselves; but in the former 
case, a longer time is required. (Lewis, Dartigues, Morveau.)—It occurs 
also in a similar manner with glass enveloped in a lava-stream. (Morveau.) 
This change may either be regarded, according to Dartigues’ supposition, 


; 
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ag arising simply from the amorphous glass passing without change of 
composition into the crystalline state—the long continued state of soft- 
ness affording the atoms an opportunity of uniting together in crystalline 
molecules; or we may suppose with Lewis, Morveau, and Dumas, that 
the glass in undergoing this change loses a portion of its alkali, which, 
when the glass is ignited by itself, passes off in vapour, and when it is 
surrounded by a powder during ignition, is. absorbed by the powder. 
Dumas is moreover of opinion that the protoxides of manganese and iron 
present in the glass are peroxidized at the same time. According to Lewis, 
the sand which surrounds the glass as cement, becomes caked together 
by absorbing alkali. Dumas found in a devitrified specimen of bottle 
glass, only 2 per cent. of potash, together with 27:4 per cent. of lime, 6°6 
of the sesquioxides of manganese and iron, 12°0 of alumina, and 52:0 of 
silica [the behaviour of Reaumur’s porcelain in fusing is also in favour 
of this theory. Vid. seq.]. 

In this change, the following stages are to be distinguished: 1. The 
glass becomes cloudy, and appears blue by reflected and yellow by trans- 
mitted light (Lewis, Fournet), still however exhibiting a vitreous trac- 
ture. The blue colour is also seen at the fractured edges, and conse- 
quently cannot proceed from oxidation. (Fournet.) The opacity doubt- 
less arises from the separation of fine particles whose composition differs 
from that of the rest of the mass. Many iron-slags behave in a similar 
manner (especially the double silicate of alumina and lime), Many slags 
which appear green when cooled rapidly, become blue within and yellow 
by transmitted light, when slowly cooled, even if they are green on the 
outside; but the powder again assumes a green colour. This fact would 
appear to explain the action of the test which is employed to distinguish 
many earths and heavy metallic oxides by the blowpipe: viz., that 
the bead obtained by fusing them with borax or microcosmic salt, remains 
clear when rapidly cooled, but becomes turbid and opaque by exposure to 
interrupted blasts, or flaming, whereby it is kept for a Jong time in a soft 
state, and crystalline compounds are produced and separated. (Fournet, 
Ann. Chim. Phys. 79, 870; also J. pr. Chem. 26, 321.) 

2. After this stage, white, opaque needles are formed, proceeding from 
the inner and outer surfaces of the glass, and finally meeting in the centre. 
The surface of contact is often marked by a brown line. The mass thus 
far changed is Reawmur’s porcelain. When burnt between pipe-clay it 
has a smooth surface, but if burnt between lime or bone-ash, 1t acquires 
a rough, wrinkled, or blistered surface. When burnt between powdered 
charcoal, its surface becomes black or grey. (Lewis.) It is white and 
nearly opaque, exhibiting a straight, fibrous texture at the fractured sur- 
face; it is specifically heavier than glass, and so hard that it scratches 
glass and sometimes even rock crystal, and emits sparks with steel; it 
does not crack so readily by change of temperature as glass, or even as 
porcelain, and conducts heat and electricity better than the former, so 
that, unless insulated, it does not become electrical by friction, Reau- 
mur’s porcelain may be used instead of ordinary porcelain in the fabrica- 
tion of utensils. It fuses with much greater difficulty than glass, and is 
thereby converted into a white or grey enamel, transparent only at the 
edges—having a conchoidal fracture—harder than glass, but softer than 


‘Reaumur’s porcelain. The specific gravity of this enamel is to that of 
- the substance before fusion as 2°625 ; 2°801. It does not become electrical 


by friction. (Morveau.) 
“ 3. If the baking be too long continued, the threads of the fibrous 
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structure become separated by fissures, and the whole is converted into — 
a fine-grained and subsequently into a coarse-grained mass, loose, greyish, — 
and still more difficult of fusion. When the porcelain has begun to 
change from the fibrous to the granular condition, it may still be fused 
by the heat of a forge into a pearly, porous mass, which contains green 
glass enclosed within. If the change to the fine-grained condition is 
complete, it fuses to a spongy mass; but when the coarse-grained state is 
arrived at, it no longer fuses, but cakes together into a very hard mass, 
having a dense fracture, (Lewis, Physico-chemical Memoirs; translated 
into German by Kriinitz, 1, 425; compare also Dartigues, Ann. Chim. 
50, 825; also Schw. 2, 112; Guyton Morveau, Ann. Chim. 88, 118; also 
Schw. 2, 137.) 


B. Carponate or SrricA AND Sopa.—A boiling aqueous solution of 
carbonate of soda dissolves moderately ignited silica or its hydrate in 
large quantity, and deposits it again in a gelatinous form on cooling. (Pfaff, 
Schw. 29, 883.) If alumina is mixed with the silica, it remains undis- 
solved, in combination with a large portion of the silica and with soda. 
(Forchhammer, Pogy. 35, 335.) 


C. Silica dissolves in fused borax slowly but completely, forming a 
clear and difficultly fusible glass. 


D. Microcosmic salt dissolves silica but very slowly when fused with 
it before the blowpipe; the bead remains clear on cooling. The portion 


of silica which remains undissolved has the form of a transparent, swollen 
mass, (Berzelius.) 


HK, Frvoripn or Sirictum and Sopium.—Formed like the potassium 
compound, by mixing hydrofluosilicic acid with an aqueous solution of 
soda or of a soda-salt (Scheele, Berzelius); it separates with greater faci- 
lity than the above, without however producing rainbow tints. The 
gelatinous precipitate collected on a filter, crumbles, on drying, to a white 
powder; and its aqueous solution yields on evaporation, small, shining, 
probably regular six-sided prisms, perpendicularly truncated. (Berzelius.) 


Crystallized. Or: | Berzelius, 
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It fuses before ignition, and behaves in the fire like the double fluoride 
of silicium and potassium; but it gives up the first-portions of fluoride of 
siliciuam with greater facility, and then solidifies; the remainder of the 
fluoride of silicium is evolved only at a high temperature. If fragments 
of carbonate of ammonia are projected into the ignited crucible, the fluo- 
ride of silicium is more readily evolved, but a portion of silica is after- 
wards found in the residue. Heated with potassium, it is resolyed into 
fluoride of sodium, fluoride of potassium, and pure silicium. It is decom- 
posed by digestion with an aqueous solution of boracie acid: but the 
silica is far from being completely separated. When it is boiled with an 
aqueous solution of carbonate of soda, decomposition takes place, carbonie 
acid gas is evolved, and the liquid assumes a gelatinous consistence, Itis — 
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much more soluble than the potassium compound, especially in hot water. 
Excess of acid does not increase its solubility. (Berzelius.) ’ 


F, Fxivuoripp oF Sopium contTaINinG Sitica.—Fluoride of sodium 
fuses with silica at a temperature at which it is not fusible when alone. 


The mass does not evolve gaseous fluoride of silicium ata strong red heat. 
(Berzelius. ) | 


G. SotuspLe GLAss CONTAINING PotasH AND Sopa.—A mixture of 
one atom of carbonate of potash and one atom of carbonate of soda fuses 
with six atoms of silica, at a gentle red heat, forming a transparent glass, 
~which, when reduced to powder, dissolves in boiling water, forming a 

easy than that of the potash soluble glass. (Débereiner, Pogg. 
5, 243. : 


Srntctum AND LiTHIuM. 


Frvoripr or Sintctum aNd Lirutum.—LF, Sik’. Crystallizes from 
a solution in hydrofluosilicic acid, in small transparent grains, which, 
under the microscope present the appearance of six-sided prisms. The 
salt has a slightly acid and bitter taste; it fuses at a red heat, and obsti- 
nately retains its fluoride of silicium. Pure water dissolves it very slowly; 
acidulated water more readily. (Berzelius.) 


SinIcIuM AND BARIUM. 


A. Sirrcatn or Baryra.—One part of silica heated to whiteness 
with 1 of its weight of baryta, yields a white brittle mass,—with 4 
baryta, a hard, brittle mass, translucent at the edges,—with 4 baryta, a 
fused, porous mass resembling porcelain,—with one part of baryta, a hard 
unfused mass,—with 2 or 3 parts of baryta, a vitrefied, porous mass like 
porcelain in appearance,—with 4 parts of baryta, a nearly opaque mass, 
fused at the edges only. . With 2 parts or more of baryta, the compound 
is soluble in acids. (Kirwan.)—According to Vauquelin, 1 part of silica 
With 3 parts of baryta, produces a pale green, solid mass, which is soluble 
im acids. 


B. Fuvoripe or Sittctum anv Bartum.—A mixture of the aqueous 
‘solutions of terhydrofluate of silica and hydrochlorate of baryta, appears 
clear at first, but after a short time deposits a great number of small, hard 
crystals. (Gay-Lussac & Thénard.)—Nearly all the baryta is precipl- 
tated, a trace only remaining dissolved in the hydrochlorie acid. If the 
solutions are mixed ata boiling heat, the crystals obtained on cooling 
are somewhat larger, but still only microscopic; they consist of prisms 
with acute summits. (Berzelius.)—The compound 1s easily resolved by 
ignition into gaseous fluoride of silicium and fluoride of barium, which 
remains behind. Ignited with oil of vitriol, it leaves 82933 per cent. of 
sulphate of baryta. It is but very sparingly soluble in water, but dis- 
solves rather more freely in hot water than in cold j the presence of 
hydrochloric acid, however, does not increase its solubility. (Berzelius.) 
{ Fresenius states that its solubility in pure water at ordinary tempera- 
tures is 1 part in 3,802 parts; but in water acidulated with hydrochlorie 


acid, 1 part in 733 parts. (Ann. Pharm. 59, 117, 1846.) ay: : 
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Calculation. | | Shee Berzelius. 
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C. Sintcare or Baryta anp Porasu.—This salt, which, according 
to Dalton, contains equal numbers of atoms of baryta and potash, is 
precipitated on mixing solution of silica with baryta-water. 


SILICIUM AND STRONTIUM. 


A. Stntcate or Strontra.—One part of silica fuses with an equal 
weight of strontia, partly to an amber-coloured glass, partly to a black 
and white enamel. (Kirwan.)—With 8 parts of strontia, it forms a 
solid, grey, sonorous mass, which is nearly tasteless, and dissolves but 
sparingly in water, though readily in aqueous acids, (Vauquelin.)—Car- 
bonate of strontia, digested in solution of silica, is converted into dense 
hydrated silicate of strontia. (Kuhlmann.) 


B. Frvoripe or Sintcrum anp Strontium.—A solution of carbonate 
of strontia in hydro-fluosilicic acid, yields after evaporation and cooling, 
short, hydrated, rhombic prisms, with dihedral summits resting on the 
two acute lateral edges. The crystals are converted by heat into the 
opaque anhydrous compound. On treating them with water, a small 
quantity of a basic salt remains undissolved, and the liquid contains 
excess of acid. In acidulated water, they dissolve readily and without 
suffering decomposition. (Berzelius.) 


C. SmicatE or StrontrA AND PotasH.—Prepared by precipitating 
the silica solution with strontia-water. (Dalton. ) 


SiLICIUM AND CALCIUM. 


A. SmuicateE or Lims.—a. Disilicate.—2CaO, SiO’.—Obtained by 
exposing one atom of pure quartz and 2 atoms of marble in a charcoal 
crucible to a full white heat in Sefstrém’s blast-furnace (II., 35). The 
mixture does not fuse; but by employing a somewhat smaller quantity of 
marble, a fused mass is obtained, which, after being taken out of the 
crucible, crumbles to pieces in a minute, without alteration of weight, 
and contains 58°77 per cent. of lime to 41°10 of silica. (Sefstrém, J. Zechn. 
Chem. 10, 145.) 3 

b. Monosilicate—Found native in the form- of Zabular spar or 
Wollastonite.—Belongs to the oblique prismatic system of crystallization, 
has two cleavage-planes parallel to the faces of the rhombic prism, of 
95° 18’ and 84° 42’; specific gravity = 2°8—2'9; hardness, equal to 
that of apatite.—White; translucent; fuses with difficulty before the . 
blowpipe to a semi-transparent glass; decomposed perfectly by hydro- 
chloric acid, either before or after ignition, with separation of gelatinous 
silica. Walchner (Schw. 47, 245) found at the bottom of an iron-smelting 
furnace a mass of arévyicial tabular spar, having a laminated fracture, 
greyish white and translucent, likewise decomposable by hydrochloric 
acid, but containing 7°8 per cent. of alumina. By fusion in a smith’s — 
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water, is gradually converted into silicate of lime 
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forge, a bluish grey, slightly translucent mass is obtained, resembling 
chalcedony, of specific gravity 2°86, and with a fracture partly splintered, 
partly crystalline. (Sefstrém.) 


Tabular spar. H. Rose. Stromeyer. 
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<8 CPLA Reaves 31 rhe 92°54 ae 52°69 i 51°445 
MnO, 0°257; FeO, 0°401; HO, 0:076; + 0°734 
CaO, SiO**;.....: 59 an 100-00 it) SOUTO0 as 99°591 


Hydrate of silica added to lime-water precipitates a powder resem- 
bling tabular spar. (Fuchs. ) 

¢. Sesquisilicate. —2CaO, 38i0,—Prepared by exposing 2 atoms of 
marble with 3 atoms of quartz to the heat of a smith’s forge. Fuses 
much more readily than 6; its specific gravity is 2°74. Moreover, it 
exactly resembles 6 in external appearance, but is somewhat more brittle. 
(Sefstrém. ) 

d. Bisilieate.—CaO, 2Si0?.—2«. Anhydrous.—One atom of marble 
heated in a blast-furnace, with 2 atoms of quartz, yields a difficultly 
fusible mass, the under portion of which is denser and richer in silica 
than the upper, which is porous. (Sefstrom.) 

B. With one atom of water.—CaO, 28i0*, Aq.—This appears to be the 
composition of Shepard’s Dauburite. (Sill. Amer. J. 25, 187.) 

y. With 2 atoms of water.—Okenite or Dysklasite—A mineral of 
radiated, fibrous texture, and specific gravity = 2°28; white, with a 
pearly lustre; swells up before the blowpipe, and fuses to a porcelain-like 
mass. With borax it gives a colourless bead, but dissolves with difficulty 
and imperfectly in microcosmic salt. In the state of powder, it is easily 
decomposed by cold hydrochloric acid (but no longer after ignition) 
with separation of gelatinous flakes of silica. (Kobell, Kastn. Arch. 
14, 333.) 


Okenite. Von Kobell. 
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e. Tersilicate.—Ca0O, 38i0°.—One part of marble fuses with 3 parts of 
quartz, forming a homogeneous, blistered, pearl-grey mass. (Sefstrém. ) 
Chalk, gypsum, and even phosphate of lime, decompose an aqueous 
solution of silicate of potash or soda into alkaline carbonate, &c., and 
hydrated silicate of lime, which forms on the surface into a hard mass 
capable of being polished, but rapidly crumbles to pieces on exposure to 
the air. (Kuhlmann, Ann. Pharm. 41, 220.) - 


Hydraulic Mortar. 


A pasty mixture of lime, silica, and water, which, when immersed in 
containing water of 
crystallization, and hardens to a compound resembling zeolite. This salt 
may likewise be mixed with silicate of alumina, double silicate of alu- 
mina and magnesia, &c., according to the nature of the materials used, 
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The silica must be in such a state as to be capable of combining with 
the lime in the wet way. This hydraulic mortar is prepared either by 
mixing pure lime (rich lime, fetter kalk) previously burned and slaked 
to the consistence of paste, with suitable siliceous materials—the so-called 
céments—or by burning natural or artificial mixtures of lime with siliceous 
substances, and working up the poor lime (magerer kalk) thus obtained 
with water. | 


1. Pure or Fat Lime with Cement—From 4 to 5 parts of finely 
powdered cement are used with one part of lime, which is slaked either 
before or after being mixed with the cement. The mixture, which forms a 
stiff paste, is.then placed under water, either immediately or after 
exposure to the air for a few hours, and left immersed for a period of 
three months. Many kinds of mortar begin to harden the first day ; 
others not till after the lapse of several days; the latter, however, often 
‘acquire the greatest degree of solidity. A high temperature favours the 
action. Quartz, however finely pounded, does not combine with the 
prepared lime, even in the course of three months. (Fuchs.) According 

to Petzhold, however, (J. pr. Chem. 16,96) the lime does take up a very 
small portion of silica from the quartz. An intimate mixture of 8 parts 
of powdered quartz and one part of lime, ignited till it bakes together, 
yields a cement, 5 parts of which with one part of lime (slaked with 
water) solidifies slowly, but becomes very hard. Most kinds of opal 
yield a tolerably good cement; also, the silica precipitated from solution 
of silica by sal-ammoniac. Sodalite, analcime, and stilbite, form good 
cements; but their power of combining with lime is destroyed by ignition. 
_ Trass, pozzolano, brick-clay_burnt to incipient fusion, potter's clay burnt 
to various degrees of hardness, according to its nature (many kinds require 
to be ignited with lime), moderately ignited porcelain-clay from Passan, 
and most of the slags from iron-furnaces, yield a very good cement. 
From many kinds of clay, potash is set free by this process. Pitceh-stone, 
obsidian, and pumice-stone yield a cement of medium hardness, but 
require a long time to set. Felspar, in the course of five months, forms 
a slightly coherent mortar; after fusion, especially with lime, it becomes 
more efficacious. Glass behaves like fused felspar. Unignited prehnite 
is ineffective; but, after strong ignition, it produces a good cement. Sili- 
cates rich in magnesia, such as steatite, talc, tremolite, and diopside, are 
of very little use, even after ignition; the silica in these minerals is 
already combined with too much magnesia, and partly also with lime, 
to be able to take up much more from the slaked lime, It is only by. 
fusion in a blast-furnace, during which it emits sparks [and takes up 
silica and alumina from the crucible ?] that steatite can be made to yield 
a tolerably good mortar. Tabular spar, even when burnt, lievrite, and 
the slag produced in the conversion of cast-iron into wrought-iron, have 
no action on lime. . . 
With these cements, burnt and slaked dolomite hardens more rapidly — 
and firmly than burnt lime. When minerals containing potash, soda, or 
lithia are employed, the greater part of these.alkalis are set free by the 
lime and imparted to the water, and in great abundance, if more lime is 
used than is required for the production of the mortar. - This o¢curs 
with natrolite, analcime, leucite, felspar (which gives up 10 per cent, of 
potash), lithia-mica, pitchstone, obsidian, pumice, and a great number of 
clays. Burnt dolomite expels these alkalis even better than burnt lime, 
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The setting of the mortar is assisted to a certain extent by the 
carbonic acid which the water takes up from theair: at all events, mortar 
which has been under water for a long time is hardest at the surface, 
and effervesces at that part with acids, On soft mortars, however, the 
carbonic acid may exert a decomposing action. Well set mortar is as 
hard and solid as limestone. Its specific gravity is lower in proportion 
to the amount of water present; and, consequently, mortar prepared with 
precipitated silica and slaked lime, is the lightest of all. The mortar 
forms a jelly with hydrochloric acid, inasmuch as the acid separates 
the silica combined with the lime. But the interior of the cement- 
powder remains unaltered, because it is enveloped and held together by 
the mortar produced. (Fuchs.) 


2. Natural or artificial mixture of Limestone with Siliceous Substances. 
a. Natural Mixture, or Hydraulic Limestone.-—This is Marl, which is a 
mixture of carbonate of lime with clay (hydrated silicate of alumina). It is 
best adapted for the purpose, when it contains 1 part of clay to 3 parts of 
carbonate of lime. If the clay is in much smaller proportion, it is neces- 
sary to add a cement after burning and slaking the lime: on the con- 
trary, when the quantity of clay in the hydraulic lime is too great, fat 
slaked lime must be added. The more intimately the carbonate of lime 
and clay are mixed in the native mineral, the better. When hydraulic lime ~ 
is ignited, the lime unites with the silica and alumina present in the clay, 
so that it yields gelatinous silica when treated with hydrochloric acid, 
The larger the proportion of clay in the mixture, the less must be the 
heat employed, so that the mass may not fuse. But limestone containing 
less than 20 per cent. of clay is almost infusible. Hydraulic lime, after 
being burned and.reduced to powder, sclidifies when made into a paste 
with water, because the double silicate of alumina and lime produced in the 
burning, absorbs water of crystallization. If the marl has been so slightly 
burned that it still retains carbonic acid, it frequently hardens with 
remarkable rapidity, because the dicarbonate of lime present enters into 
combination with water (III., 185). (Fuchs, Pogg. 27, 591.) 

[For the analysis of various kinds of calcareous marl used as hydraulic 
lime, including those from the Island of Sheppey, which yield the so- 
called Roman cement, vid. H. Meyer and Kersten, J. pr. Chem. 24, 405: 
25, 317. | 

whe marl is digested in dilute hydrochloric acid, the clay is left as 
an insoluble residue. Most kinds of marl contain more salts of potash 
and soda, than pure limestone. Potash and soda facilitate the union of 
the silica with the lime on burning, as they first combine with the 
silica, and then give it up to the lime. In the absence of a more soluble 
alkali, the combination of the lime with the silica is but imperfectly 
effected by ignition. A better kind of hydraulic lime is consequently 
obtained by intimately mixing unignited marl with 5 per cent. of potash. 
(Kuhlmann, Ann. Pharm. 41, 220. Vid. seq.) | 

b. Artificial Miature.—Four measures of chalk with one measure of 
clay. (Berthier.) Six measures of slaked lime with one measure of clay. 
(Vicat.) The materials are intimately mixed, and the mixture formed 
into balls, burnt, and ground to powder. In England, a mixture of chalk 
and pulverized flint is burnt in a kiln. Hydraulic lime prepared by the 
latter method and reduced to powder, slakes slowly in water, becoming 
very tenacious, and ultimately solidifying to a white, hard, fine-grained 
mass, capable of receiving a polish, and containing 51°9 per cent, of lime, 
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3°4 of magnesia and alumina, 15:0 of combined silica, (which on treating 
the mass with acids, is separated in the gelatinous state,) 1:4 of unaltere 
sand, and 28:0 of water and carbonic acid. (Berthier.) . 
¢ Kuhlmann has succeeded in forming artificial limestones, by mix- 
ing a solution of silica or alumina in aqueous potash or soda with lime 
or chalk, or even with a solution of sulphate of alumina or common alum. 
If the silica solution is mixed with powdered chalk, the pasty mass gra- 
dually becomes solid in the air, and acquires a degree of hardness equal to 
that of the best hydraulic cements. When pieces of chalk or porous 
limestone are dipped into a solution of silicate of potash and exposed to the 
air for several days, they become hard enough to scratch limestone, and 
take a good polish, Burnt gypsum may be hardened in a similar manner. 
It is decomposed by alkaline silicates much more rapidly and completely 
than carbonate of lime. It may also be hardened by moistening it with 
a solution of alum, and afterwards burning it. Kreating (Polytech. 
Oentralb. 1847, 126) produces the same effect by wetting the burnt gyp- 
sum with a solution of 1]b. of borax in 9 Ibs. of water, and subsequently 
igniting it strongly for six hours. The hardening is still more complete 
when 11b. of tartar and a double quantity of water is added to the 
solution. In the hardening of these artificial stones, the carbonic acid of 
the air plays the principal part, inasmuch as it decomposes the silicate of 
potash and separates the ‘silica, which then contracts, and thereby con- 
tributes greatly to the hardening of the mass. If air be excluded, this 
- effect is not produced. <A solution of silicate of potash exposed to the 
air, solidifies in the course of a fortnight, and forms a transparent jelly, 
which gradually acquires great hardness without losing its transparency, 
-and after a few months-beeomes’ hard enough to scratch glass. Kuhl- 
mann suggests that the formation of crystallized silicic acid in limestone 
rocks, and likewise that of flint, agate, &c., may be due to the decompo- 
sition of silicate of potash by carbonic acid. In corroboration of this 
view, it is found that these minerals, after being ignited and pulverized, 
exhibit a distinct alkaline reaction. VT : 
Hydraulic lime, both natural and artificial, is mixed (after being 
powdered, and before it is slaked) with fine quartz-sand, in the propor- — 
tion of one part of hydraulic lime to 2 of sand, for underground or sub- 
aqueous structures, but 1 part of lime to 24 parts of sand for plastering 
walls. (Berthier.) : 
[On the subject of hydraulic mortar, vid. Berthier, Ann. Chim. Phys. 
22, 62; 44,1138; Vicat, J. Phys. 86,189; Ann. Chim. Phys. 5, 387; 15, 
3653.23, 69, & 424; 32, 197; 34, 102; 66, 93. | 
Common Mortar which dries in the air is a mixture of pure (fat) lime 
slaked to a creamy consistence, with fine and coarse quartz-sand, lime- 
stone, &c., which does not act chemically on the lime. Solidification 
+ effected partly by drying, partly by absorption of carbonic acid from 
he air. 


B. BorAatE AND SILICATE oF LimE.—a. With one Atom of Water.— 
Datolite.—CaO, BO*+ CaO, 2810+ Aq. Oblique rhombic prisms. Tig. 
107 and other forms, i: ¢= 91° 41’; w: u'= 77° 80', Specific gravity 
= 3344 (Stromeycr); hardness, between felspar and apatite. Colonrless, 
transparent or translucent. 

At a full red heat, it gives off water and becomes opaque. Before 
the blowpipe it swells up and fuses readily to a colourless glass, impart- 
ing at the same time a green colour to the flame. In microcosmic 
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salt it is but partially soluble. Hydrochloric acid dissolves it and 
separates gelatinous silica. 

b. With 2 atoms of Water.—Botryolite.—Ca0, BO? + CaO, 2803-4 2Aq. 
—Kidney-shaped, and of a delicate fibrous texture. , 


Datolite. Stromeyer. Rammelsberg. 
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C. Fivoripe or Sinictum anp Carcrum.—-Levigated fluor-spar and 
finely divided silica are digested in dilute hydrofluoric acid; or carbo- 
nate of lime is added to terhydrofluate of silica as long as it is dissolved, 
and the solution is then evaporated at a gentle heat to the crystallizing 
point. Four-sided, obliquely truncated prisms. Leaves, on ignition, 
36°2 per cent. of fluoride of calcium, and by ignition with sulphuric acid, 
63°69 per cent. of sulphate of lime. Ignited with six times its weight of- 
oxide of lead, it evolves 16°21 per cent. of water. When it is mixed 
with water, one portion is resolved into an insoluble residue of silica 
and fluoride of calcium, and into hydrofluosilicic acid, by which the 
remaining portion of the salt is dissolved without decomposition. It 
dissolves completely in hydrofluosilicic acid. By evaporating the solution, 
the above crystals are again obtained. Hydrochloric acid likewise dis- 
solves it without decomposition ; but if the solution is rapidly evaporated, 
hydrofluosilicic acid is evolved, and hydrochlorate of lime is produced. 
By adding ammonia to a recently prepared solution of the salt in hydro- 
chloric acid, fluoride of calcium and silica are precipitated, while hydro- 
chlorate and hydrofluate of ammonia remain dissolved. (Berzelius.) 


Calculation. Or: Berzelius. 
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D. SrricaTE oF Lime anp Potrasu.—a. Many kinds of glass are thus 
constituted. 

b. According to Dalton, the precipitate which lime-water produces in 
solution of silica, contains potash as well as silica and lime. 

c. Apophyllite (Ichthyophthalme, Tesselite, Oxhaverite).— Crystalline 
system, the square prismatic. (ig. 28, 29, 32, and others.) pie = 
119° 30’; ¢:e = 127° 59'; cleavage distinct parallel to p; less dis- 
tinct parallel to g. Specific gravity = 2°3385. (Hauy.) Colourless, 
transparent, and of a pearly lustre on the cleft surfaces parallel to p.— 
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Swells up in the blowpipe flame, and fuses readily to a blistered glass, — 
By hydrochloric acid it is first resolved into scales which reflect a variety 
of colours, and afterwards dissolved with separation of silica in a gummy _ 
mass. After ignition it is with difficulty acted on by hydrochloric acid; 
but after fusion and pulyerization, decomposition takes place with some- 
what greater facility. 
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F—O. represents hypothetical anhydrous fluoric acid, which, with one 
atom of CaO produces one atom of CaF. The formula of apophyllite 
is probably the following: KO, 28i0?+ 6(CaO, 28107) + CaO, Si0*+ CaF 

+ 16Aq. 

: 7 Bammelsbere regards the fluorine in apophyllite either as mecha- 
nically mixed, or possibly as replacing a portion of the oxygen, The 
formula which he gives for this mineral is: KO, Si0*+ 6(CaO, Si0°) + 
15HO; or 2KO, 38i0?+ 3(2CaO, 3810?) + 15HO. (Pogg, 68, 506.) VT 


D. Smicate or Lime anp Sopa.—FPectolite. Occurs in fibrous masses 
with spherical surface; specific gravity 2°69. By gentle ignition, it 
becomes less brilliant and more friable, Before the blowpipe it fuses 
readily to a translucent glass, a few bubbles of gas being evolved. It 
dissolves with ease in borax, forming a clear glass; with microcosmic salt 
it yields a skeleton of silica. When it is introduced in small pieces into 
concentrated hydrochloric acid, several days elapse before decomposition 
takes place; it then becomes disintegrated and. yields gelatinous silica. 
In the state of powder, it is more rapidly acted on; and in this case, the 
silica does not separate in the form of a jelly, but in viscid flakes. Pecto- 
lite, after ignition, and even after fusion, yields, when reduced to powder, 
a stiff jelly with hydrochloric acid. (Von Kobell, Kastn. Arch. 13, 385.) 


Pectolite. Von Kobell. 
1 SL Becta een hice ee es: 1°57 
INAO) Rates dhititevs SU2e... 8°99 ae 8°26 
ACO wu eaneteag oR 112:0. Sea 226 ce 33578 
Ue SEC 6 ek Stee, ciieshcg, 186°0° ... 53°D7 = 51°30 
LET Dp neers, ee 13:0 Se 5°18 si 3°89 
Alumina with 3 | 0:90 
quioxide of Iron 


347°2 .... 100°00 me 99°69 


NaO, 2Si02+ 4(CaO, 8i0*)4+2Aq. A portion of the soda is replaced 
by potash. According to Berzelius, pectolite contains a small quantity of 
fluorine. 


Related. to tliis mineral is Walker's Wollastonite, which contains 5°55 
per cent, of soda, 30°79 of lime, 2°59 of magnesia, 1:18 of sesquioxide of 
iron and alumina, 54°00 of silica, and 5°48 of water. 
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SILICIUM AND MAGNESIUM. 


A. Sinrcate oF Maanesta.—a. Disilicate.—a. Anhydrous. 1. A 
mixture of 2 atoms of magnesia and one atom of silica exposed for two 
hours to the heat of a powerful wind-furnace, yields a milk-white, porous 
enamel, (Sefstrém.) , 

2. Chrysolite and Olivine. Often found in meteoric stones, as Mete: 
orice Olivine, Crystalline system, the right prismatic. Fig. 75 with the 
p-surface, and also other forms: 74: ¢ = 181° 29’; y:m = 141° 40’; 
t¢:u = 114° 6; w:m = 155° 54’; wl: uw = 181° 48’; cleavage parallel 
tot. (Hauy.) Specific gravity from 3°33 to 3:44; harder than felspar; 
transparent, and generally.of a yellowish green colour. Infusible before 
the blowpipe. Chrysolite is not decomposed by hydrochloric acid, but 
yields to sulphuric acid, without however forming a jelly. (Von Kobell, 
J. pr. Chem. 5, 214.) Powdered olivine is very readily decomposed by 
hydrochloric acid, yielding a jelly. (Berzelius, Jahresbericht, 15, 217.) 
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a is Oriental Chrysolite;—, Olivine from the basalt of Vogelsberg ;— 
¢, Olivine from Somma;—d, Olivine accompanying the Siberian meteori¢ 
iron of Pallas.—Sometimes a smaller and sometimes a larger quantity of 
magnesia is replaced by protoxide of iron; and in Hyalosiderite—which 
moreover has the same crystalline form as chrysolite, and yields a jelly 
with hydrochloric acid—the oxide of iron, according to Walchner, amounts 
to 28°49 per cent. 

8. Hydrated.—Villarsite-—Crystalline system, the right prismatic. 
Fig. 42; the obtuse angle of the rhombic base (u' ; wv) = 119° 59.—Yel- 
lowish green and granular, (Dufrénoy, Compt. Rend. 14, 698.) 
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b. Two-thirds Silicate of Magnesia.—a. Bihydrated.—N oble Serpentine 
or Ophite (together with Marmalite, Picrolite and Variegated Asbestos from 
Reichenstein).—Serpentine: a dense mineral, of specific gravity 2°5 to 
2°6, and as hard-as calespar.—Translucent and generally of a green 
colour, with waxy lustre; unctuous to the touch. Heated in a tube, it 
evolves water and becomes opaque. Fuses before the blowpipe, chiefly at 
the edges, to a white..enamel; with. microcosmic salt it yields an .infu- 
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sible skeleton of silica. Fuses, though with difficulty, with a small 
quantity of carbonate of soda; with a larger proportion of the latter, a 
swollen, infusible mass is produced. Exhibits a red colour when ignited 
with solution of cobalt. Pounded serpentine dissolves in concentrated 
hydrochloric acid, leaving a siliceous jelly; it is still more easily acted on 
by sulphuric acid, the silica being separated in the form of a viscid 
powder.—Picrolite is of a fibrous texture; in other respects, it possesses 
the same characters as serpentine.— Variegated Asbestos is fibrous and of 
a silky lustre. Before the blowpipe, only the finest fibres become 
rounded. It is easily and completely decomposed by concentrated hydro- 
chloric acid, the silica remaining undissolved in the form of the fibres, 


and exhibiting a silky lustre. (Von Kobell.) 
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3MgO, 28i02+2Aq. or 2(MgO, SiO?) + (MgO, 2Aq). 


—a, is Noble- Serpentine from Snarum;—, from Gullsjé;—e, from 
Fahlun;—d, from Swirdsjé;—e, Marmalite from. Hoboken;—, ordinary 
Serpentine from Sala;—g, Picrolite from Taberg ;—A, Picrolite from Philip- 
stadt;—7i, Variegated Asbestos from Reichenstein.. 7 4, Metaxite, a new 
mineral described by Kiihn (Ann. Pharm. 59, 363), of the formula: 
2(Mg0 + Si0?+4HO)+(MgO, HO). 1 <A portion of the magnesia is 
replaced by protoxide of iron, especially in picrolite. The presence of 
carbonic acid is due to an admixture of magnesite; in the amount of 
carbonic acid given under ¢, d, e¢, f, and g, bitumen is also included. 

Bg. Terhydrate.—1. Deweylite, 8MgO, 28i0?+3Aq.—Specific gravity 
—2°2474; amorphous. (Thomson.)—2. Hydrophite.—2Mg0O, FeO, 2810? + 
3Aq. Specific gravity 2°65; soft, green, resembling serpentine, infusible 
before the blowpipe. (Svanberg, Jahresber. 20, 216.) 
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_ ¢ Three-fourths Silicate of Magnesia.—Hydrated.—a. Antigorite con- 
sists of 4MgO, 3Si0°+ Aq. or more accurately, inasmuch as a portion of 
the magnesia is replaced by protoxide of iron, (10MgO, 2FeO +9Si0?) + 
38Aq. (Vid. Schweizer, Pogg. 49, 595.) 

6. Schiller-spar appears to be composed of 4MgO, 38i0?+3Aq. or 
MgO, 3Aq.+3(MgO,Si0°); in this mineral, also, a large proportion of the 
magnesia is replaced by protoxide of iron, protoxide of manganese, and 

lime. (Vid. Kohler, Pogg. 11, 192.) 

d. Monosilicate of Magnesia.—a. Anhydrous.—1. A mixture of one 
atom of magnesia with one atom of silica exposed for a couple of hours 
to the heat of a powerful wind-furnace, yields a nearly white enamel, of 
pearly lustre and highly crystalline. (Sefstrém.) 

2. The Asbestos of Koruk, examined by Lappe (Pogg. 35, 486), and 
Thomson’s bisilicate of magnesia appear to have this composition. 


Lappe. Thomson. 
CL ON CSN BO) Week. ae ae S158 EK. 36°52 
oe Se al Geeks OU es sie 58°48 week 56°64 
RO Be oes tik giidGiesveaseve ‘te i 0°04 
Pros chonndirig Vigennesesegs si is 9°22, > ee 2°46 
ierruee, Aro, PO* .... ae sas 0°88 APO% 6°07 
EET HEN hss tescsoon ene enaters Sk 0810000 Ginep! §- 2OG00 sve « LOLS 


‘B. Hydrated.—1. Picrosmine.—Crystalline system, the right pris- 
matic; not found in crystals, but corresponding in its cleavage-planes to 
Fig.74; cleavage distinct parallel to m; less distinct parallel to ¢, « and 7; 
@:%= 117° 49’; w': w= 53° 8’. The cleavage-surfaces parallel to m are 
of a pearly lustre, the others glassy. The mineral itselfis of a pale greenish 
grey colour, and transparent at the edges; somewhat softer than calc- 
spar; specific gravity 2°66. (Haidinger). When ignited it evolves water, 
becoming black at first, but subsequently white. Picrosmine does not fuse 
before the blowpipe, but increases in density. It dissolves in borax, 
and also in microcosmic salt, leaving, however, a skeleton of silica in 
the latter case; with carbonate of soda, it yields a turbid, semi-fused mass; 
when it is ignited with a solution of cobalt, a red colour is produced. 
(Magnus, Pogg. 6, 53.) 
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2. Picrophyll and Aphrodite or Meerschaum of Longbanshyttan. — 
Picrophyll: dense; laminated; of specific gravity 2°73; softer than cale- 
spar; iridescent; of a dark greyish green colour; resembling serpentine in 
appearance. It yields water on ignition, and becomes white, without 
however losing its lustre. Infusible before the blowpipe; ignited with 
cobalt solution, it assumes a dingy red tint. (Svanberg, Pogg. 50, 662.) 
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On account of the larger amount of water which it contains, Berlin 
considers aphrodite as 4(MgO,Si0*?)+3Aq. % Kuhn (Ann. Pharm. 59, 
363,) gives the analysis of a sesquihydrate of silicate of magnesia under 
the name of Kerolite. 
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: Neolite.—3RO, 28i0* or 8(RO, SiO0*).—Described by Scheerer (Pogg. 
71, 285) as a Zale in which a portion of the silica is replaced by alumina, — 
Found in the Aslak iron mines, near Arendal in Norway, occurring either 
in small crystalline lamina and threads arranged in tufts; or In an 
apparently amorphous state spread over the surface, from a few lines to 
an inch in thickness. The crystallized variety is nearly as hard as tale, 
but the amorphous variety is softer. It is unctuous to the tonch, and 
may be cut like soap. Its colour is brownish and blackish green, passing 
almost into black; it varies from a fatty to a silky lustre; its specific 
gravity, when perfectly dry, is 2°77. At a temperature of 100°, it loses a 
considerable quantity of hygroscopic water—especially the amorphous 
variety—and acquires a lighter colour, sometimes almost approaching to 
white. The dried mineral evolves air-bubbles when immersed in water, and 
re-absorbs the water with so much rapidity, that it falls to pieces shortly 


‘after immersion. The following is the composition of two specimens 


given by Scheerer. 
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The proportion of oxygen in the acid to that in the other constituents 
is as follows: rhe ae | 
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SiO’, APO3. RO. HO. 
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RO represents the sum of the oxygen in the magnesia, the ferrous and 
manganous oxides, and the lime. From this it must be evident that 
the two analyses cannot be brought under one formula by the ordinary 
method of calculation; but if we reckon the alumina as an electro-nega- 
tive element together with the silica, and the water as an electro-positive 
element with the magnesia, &c. in the isomeric proportions of 3Al0° = 
28i0* (= 8810*), and 3HO = 1MgO (vid. L., 98), the following results 
are obtained : 
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or nearly 2:1, from which the formula 3RO, 2Si0? (or RO, SiO”) may 
be deduced. T 


e. Hive-fourths Silicate of Magnesia.—Tale occurs in rhombic and six- 
sided tabular crystals; w' : w = 120° nearly; cleavage distinct, parallel to 
the base; specific gravity = 2°65 to 2°74; softer than gypsum; unctuous 
to the touch; of a pearly lustre at the fractured surfaces; translucent. 
Splits up into laminw before the blowpipe, and hardens without fusing. 
With microcosmic salt it yields a turbid glass, together with an insoluble 
skeleton of silica. With a small quantity of carbonate of soda it forms a 
semifused slag, but with a larger proportion, a transparent glass. Solution 
of cobalt imparts a pale flesh-colour to it. Neither before nor after igni- 
tion is it acted on, to any visible extent, by hydrochloric acid or oil of 
vitriol, 


Von Kobell. Klaproth. Wackenroder. 
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This mineral may be regarded as 2(MgO, SiO’) + (2Mg0, 3810°).+— 
a is tale from Greiner;—0 from Proussiansk in Siberia;—c is laminar tale 
from Gotthard; the protoxide of iron in a and 6 is also mixed with oxide 
of titanium; d is from a specimen of Chinese sculpture, of specific gravity 
2°747, and having a dull, uneven, splintered fracture; pale red, translu-_ 
cent, becoming black before the blowpipe at first, but afterwards white 
and hard, and fusing slightly at the edges. It dissolves slowly in borax, 
forming a clear bead, and with difficulty in phosphate of soda, leaving an 
insoluble skeleton of silica; with carbonate of soda it swells up and forms 
an opaque slag. This substance is powerfully attacked both by hydro- 
chlorie and sulphuric acid, but the decomposition is incomplete [by this. 
character it is distinguished from ordinary tale]. (Wackenroder.) ; 

f. Four-thirds Silicate of Magnesia.—Steatite.—Dense; of uneven, splin- 
tered fracture; specific gravity 2°6; soft and unctuous to the touch; 
slightly translucent. Before the blowpipe, it fuses at the edges to a white 
enamel; when ignited with solution of cobalt, it assumes a pale red colour, 
Not decomposed by acids. . 
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‘Lychnell. 
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184 100°00 99°95 99°34 99°08 99°70 
MgO, Si0?+ 2Mg0O, 3Si0”.—a is Steatite from China,—b from Mont 


Caunegon,—c from Scotland,—d from Sala. 

g. Sesquisilicate of Magnesia.—«. Anhydrous.—A mixture of 2 atoms 
of magnesia with 3 atoms of silica yields, after two hours’ exposure to the 
heat of a powerful blast-furnace, an enamel similar to that obtained with 
equal numbers of atoms (III., 397), excepting that it is more crystalline, 
and does not fuse so completely. (Seftstrém.) 

B. Hydrated.—Meerschaum.—Amorphous; porous; specific gravity 
from 1°3 to 1°6; fracture, earthy; soft, tenacious, and opaque. It evolves 
water on ignition: shrinks up before the blowpipe and becomes hard, 
fusing at the edges to a white enamel. When ignited with cobalt solu- 
tion, it assumes a pale-red colour. The mineral is decomposed by hydro- 
chloric acid with separation of silica in viscid flakes. According to 
Déberciner (J. pr. Chem. 17, 157), meerschaum deprived, by very gentle 
heating, of its water of hydration, gives out a considerable quantity of 
heat when dipped for a short time into cold water; and moreover, rapidly 
absorbs from the air the water which it has lost; but not after strong 
ignition. 

According to the same authority, artificial meerschaum is obtained as 
a light, strongly coherent mass, yielding to the knife, by precipitating a 
very dilute solution of sulphate of magnesia with sesquisilicate of potash, 
washing the pasty precipitate for a considerable time, and drying it in 


the air. 
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2Mg0, 38i0?-+ 2Aq.—a and 6 are specimens of meerschaum from the 
Levant,—c from Cabanas,—d from Coulomiers,—e is Thomson’s magne- 
site. .The analyses 0 to e give 4 instead of 2 atoms of water; Débereiner 
also found 4 atoms. “Lychnell had previously freed the meerschaum from 
mechanically combined water by drying it in vacuo over oil of vitriol. 


_ B, Fivorive or SILicluM AND Macnesium.—A solution of magnesia 
‘in hydrofluosilicic acid yields on evaporation a transparent, yellowish, 
gummy mass, easily soluble in water. (Berzelius.) 
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C. Smicare or Maenesta wit Firvorme or Macnestum:—Chon- 
drodite.—Crystalline system, the oblique prismatic. Fig. 85, without the 
vand f-faces; 7 : the edge between w! and w = 112° 12!; uw : w = 147° 48/; 
@:¢= 101" 305 w@i: a4 = 157°; a: ul oru= 161° 44; t: v4 = 106 ge 
cleavage parallel to z, and less distinct parallel to m and ¢, (Hauy.) 
Specific gravity from 3°12 to 3°19; harder than felspar. When strongly 
heated in the blowpipe-flame, it evolves hydrofluoric acid and fuses at the 
edges. With microcosmic salt it yields hydrofluoric acid and an insoluble 
skeleton of silica; with borax, a clear glass after a long time; but by 
interrupted blowing or flaming, the glass becomes opaque and crystalline. 
With a small proportion of carbonate of soda, a diflicultly fusible, greyish 
slag is obtained; but with a larger quantity, a blistered infusible mass. It 
acquires a slight red tinge when ignited with solution of cobalt, provided 
the quantity of iron present is not too great. Oil of vitriol decomposes it 
completely, with evolution of gaseous fluoride of silicium. It dissolves in 
hydrochloric acid, with separation of gelatinous silica. 


Rammelsberg. Thomson. 
; (St es Pa) Ae Me tee 
Chondrodite. a. b. c. d. 
os 6 ede ene Poe een OOO 5. S612 1. 6G Ts* 2a * 54°50 54°64 
BN ores lus sess Mee ew Oe as COOL! ae SOTO 2S Vaated 
F—O.,, we ce a line Si eoo- 7k 430. Leas ORT a 6°75 3°75 
SPD gaye ita ks aie caceev ) SOT ck. SSA a “Srey eee aoe 
hg ae a ce ah tis me ate eee 
aie b 100°00 97°50 97°03 99°89 99°98 


Probably arranged as: 3(2MgO, SiO”) +(MgO, MgF.)—A portion of 
the magnesia is replaced by protoxide of iron;—a is yellow Chondrodite 
from North America ;—d, a yellow specimen from Pargas ;—c, a grey 
variety from Pargas;—d, a reddish yellow variety from Eden near New 
York, 


D. SiricatE or Macyesta AND Lime.—a. Bibasic.—a. Many furnace- 
slags having the crystalline form of olivine, contain one atom of silicic 
acid to 2 atoms of magnesia and lime. (Mitscherlich, dn. Chim. Phys. 
24, 355.) A mixture of one atom of lime, one atom of magnesia, and 
one atom of silica exposed for two hours to the heat of a forge, yields a 
thoroughly fused, pale bluish-green glass, with a granulated fracture. 
(Sefstrom.)—Lime, magnesia, and silica in equal parts fuse to a greenish 
glass, which emits sparks when struck with steel. If the proportion of 
lime be increased, the fusibility remains nearly the same; with a larger 
proportion of silica, it is less; and excess of magnesia renders the mixture 
infusible. (Achard.) 

8. Batrachite.—Fusible before the blowpipe; with microcosmic salt it 
yields a skeleton of silica; it is but feebly acted on by acids. (Rammels- 
berg, Pogg. 51, 446.) 


Batrachite. Rammelsberg. 
BO iaxcotsee 56 Pe 35°44 aes 35°45 
SMSO apcceceeees 40 a 25°32 fa 21°79 
8 Se eee Fa Seca 2°99 
GREIE nnksa sane 62 hve 39°24 mae 37°69 
SE ad ace 1°27 


Wee. STOOD. Se - 99-79 e 
2Ca0, Si0?+2Mg0, SiO”. A portion of magnesia is replaced by pzot- 
oxide of iron. . | | 
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b, Monosilicate of Magnesia and Lime.—a«. When one atom of lime is : 
fused with one atom of magnesia and 2 atoms of silica, or one atom of © 
lime with 2 atoms of magnesia and 6 atoms of silica, and the mass very 
slowly cooled, it crystallizes in the form of augite. The first mixture 
ields @ mass resembling ordinary augite; the latter, a mass like augite 
from Finland, (Berthier, Ann. Chim, Phys. 24, 876.)—In the cayities of 
a slag from an iron-furnace fed with a hot-air blast, Néggerath (J. pr. 
Chem. 20, 501) found artificial crystals of augite.—Sefstrom exposed the 
three earths in the following proportions to the heat of a powerful wind- 
furnace, and obtained the annexed results in well fused masses ; CaO, Si0? 
+ MeO, SiO: opaline glass, crystalline in some parts; CaO, Si0°+ 2(MgO, 
SiO”): enamel, crystalline in some parts; 2(CaO,Si0*)+ MgO, 810°; 
opalescent glass, with granulated fracture. . 
B. Augite—Crystalline system, the oblique prismatic. Mig. 99 with 
the t-face; Fig. 103, 106, and numerous other forms; 7: ¢ = 106° 6; 
t:@ = 150°; w: uw = 87° 42’; ¢: w or wt = 133° 51; m:w or w= 
136° 9’; cleavage parallel to ~ and 2, and less distinct parallel to 
mand t. (Hauy.) Specific gravity from 3°2 to 3°5; hardness between 
apatite and felspar. Fuses with various degrees of facility according to 
its composition. Diopside yields a colourless, almost transparent glass; 
ferruginous augite, a dark coloured glass. Augite dissolves readily in 
borax, but with difficulty in microcosmic salt, forming a skeleton of silica. 
It is scarcely attacked by hydrochloric acid. 


Wackenroder. Bonsdorff. H. Rose. 

a. b. C. 7 Sg ae 
iw fae abe WBE as 28 25°46 24°74 24°76 23°57 24°94 
MgO © iy... 20 18°18 18-22 18°55 16°49 18°00 
MnQ: viz, 0:18 0°32 0°42 2:00 | 
2! @ Panereeree 2°50 0°99 4°44 1°08 
BSiO)* te. aoe 62 56°36 54°16 54°83 54°86 54°64 
AVO8 | oo... 0°20 0:28 0:21 

110 + 100°00 100:00 99°73 99°99 100°66 


a is Diopside from Fassa;—2, from Tammare;—e, Salite, from Sala;— 
d, Malacolite, from Orrijerfvi. | 

In the following specimens of augite, the magnesia is replaced, some- 
times about half, and sometimes almost wholly, by protoxide of iron. 


Calculation. H. Rose. 
a. 
VEIN epee sear ee 56°0 23°81 23°47 
11 40 Peta ewe 20-0 8°50 11°49 
Ls WF Dei te Ate Mie ‘ 0°61 
‘FeO LM LESS Ban SR $5°2 14:97 10°02 
ELE Sieh aR one Sa 124°0 52°72 54°08 
235°2 100-00 99°67 
Calculation, H. Rose Berzelius. 
b. Cc. 
CaO eoende sae 28:0 EY | 20°87 20:00 
MeO nace 2-98 4°50 
Mag ee trace. 3°00 
FeO ~ eee 35'2 28°11 26°08 18°85 
62°0 49°52 49:01 50°00 


96°35 


98°94 sees 
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a.is Malacolite from Dalecarlia.—b, Hedenbergite from Tnuaberg.—= 
¢, reddish brown Malacolite from Dager®. “ 


Aluminous Augite.—The alumina probably exists in the mineral as a 
garnet-compound (3MgO, Al’0*, 38i0*, for example), mixed with the 
augite*, . 


Kudernatsch. 

a, b. c. d. 
6CaO 1 Ate 168°0 21°60 18°90 22°96 | 22°29 19°57 
BBEOL). ....,5: 120°0 15°43 16°91 14°43 13°01 13°48 
hd Sie Bae 4°53 7°26 6°25 7°96 12°04 
Al?O3.......... % 5)*4 6°61 6°47 6:37 4°85 4°02 
bt aa 403:°0 51°83 50°75 50°90 50°55 56°15 

777°6 100°00 100°27 99°91 98°66 99°26 


The composition is therefore about (6CaO, 3MgO, FeO, 108i0*) + 
(8Mg0, Al’O*, 3Si07), that is to say, 5 atoms of augite to 1 atom of garnet. 
ais ordinary Augite from the Rhone; 0, from Vesuvius; ¢, from Etna; 
d, from Fassa. ‘The composition of the latter, which is richer in protoxide 
of iron and poorer in alumina, may be expressed by the following formula: 
(9CaO, 5MgO, 4FeO, 18510") + (83MgO, AP’O®, 8810"); that is to say, 9 
atoms of augite to 1 atom of garnet. 

Diallage or Bronzite also contains 1 atom of silica to each atom of base, 
consisting of lime, magnesia, protoxide of manganese, and protoxide of 
iron, in variable proportions; moreover, there is generally present 
from 1 to 4 per cent. of alumina, and 1 to 4 per cent. of water. These 
last-mentioned ingredients appear to exist, sometimes in the form of 
hydrated silicate of alumina (Al*O*, 2Si0*, 2Aq.), sometimes in the form 
of hydrate of alumina, as the following arrangement of the calculations 
will show: 


Kohler. 
ee a 
Diallage. a. b. 

at e+ are 308°0 17°02 ia. 17°06 et 19°09 
1sMgO...3........ 300:0 16°57 2 ae 17°55 = a 14°91 
VT 8 hee ae 140°8 7°78 8-08 as 8°67 
v2 gy Oa ee or ot 0°38 
Price A ae 992°0 54°80 KS B3°e) ag 53°20 
ro ee 51°4 2°84 a 2°82 a 2°47 
BA rie eeebe hens 18:0 0°99 mat 1°04 pes 77 
1810°2 100°00 PF 100°26 the 100°49 


* @ The following theory of Bonsdorff, that in aluminous augites, and likewise 
in amphibolites, &c. (pp. 405—408), a portion of silica may very possibly be replaced by 
alumina, in the proportion of 2SiO* : 3APO? (or SiO? = Al?0°), is confirmed by Scheel 
(Pogg. 70, 545). The theory is principally based upon the fact, that by adding ore irds 
of the oxygen of the alumina to that of the silica to form the electro-negative e meee 
and comparing it with the oxygen of the electro-positive element, the proportions oe 
tained are very near to the numbers 27°81 : 13:90, which correspond to the formula 
3RO, 28i03. This analogy may be traced by the analyses through a great ia species 
of augite, besides Diallage, Paulite, and Gedrite (a mineral discovered by me tere i 
the Pyrenees, and resembling Paulite or Hypersthene.) In the case of eS ‘e i an 
allied minerals, the proportions are 28°5 : 13, or by calculation, 28°5 e rf WE a cor- 
responds to the formula RO, siO3 + 3RO, 2Si0%. The objection to t z SS ies in 
the fact that talc, the formula of which is 3RO, 2Si0*, crystallizes in a om i ie 
while spinelle, with the formula RO, APO8 or 3RO, 3APO%, forms ae at, nedrons. 
Scheerer, in remarking on this fact, denies that it is inconsistent with the above view, 


but does not state the grounds on which his conclusion is based. 4] BL: 
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yO bese ie 3 

Diallage. c. their 

PO ee See 28:0 nie 2°38 ahs 1°30 ches eee 
PIBMEO oii... 360°0 sel 30°63 ee 32°67 -> Saep ea ae 
TOS ade wsansgh 105°6 ne 8°98 ae 7°46 fs 8°46 
et RS pe ae “ef Aes 0°35 fs 0°62 
Da Aa eee a 682-0 ciel 58°01 ete 57°19 seen 56°81 
ALO? of... a0ie lig epee Saad 0°70 cai 2°07 
PLO Poh. Stone ape si 0°63 ee 0°22 
1175°6 vise) 20000 Ne Ue woke ode ae 


a, is Diallage from the Gabbro of Baste; 6, from the Gabbro of Prato, 
near Florence; c, from the basalt of Stempel, near Marburg; d, from the 
Seefeld Alp in the Tyrol. The approximate formula for a and 6 is: 
30(CaO, MgO, FeO)30S8i0? + AL’O%, 28i0?+ 2Aq.; in that for ¢ and d, alu- 
mina and water are not taken into account. Diallage from the Euphotide 
of Corsica appears, according to Boulanger’s analysis, to consist of 5(CaO, 
MgO, MnO, FeO), 5Si0?+ MgO, AV?O*, 2Aq.; that is to say, a mixture 
of 5 atoms of augite and 1 atom of a variety of spinelle containing 2 
atoms of water. 

Hypersthene or Paulite has likewise a composition corresponding to 
that of augite. 

4 A mineral closely related to Bronzite, and containing vanadium, 
has been examined by Schafhautl, and named Vanadic Bronzte. It is 
found at Bracco in the steatite formation on the coast of Genoa, and 
occurs in tolerably large lamine, with one very distinct, and two less 
defined cleavage planes. Its fracture is somewhat curved and broken; 
it has a mother-of-pearl lustre; is translucent in thin plates, and of a 
greenish grey colour. Somewhat less hard than felspar, and easily broken. 
When treated with dilute hydrochloric acid, it acquires a light apple- 
green colour. Sp. gr. = 3°255. When exposed to the blowpipe flame 
in thin lamine, it separates lengthwise into threads, and, in the outer 
flame, fuses at the edges; in the inner flame, it emits a bright light, and 
melts to a brown bead. With borax, on platinum wire, it fuses to a 
glass which is yellow while hot, and remains yellow on cooling, if tolera- 
bly saturated; in the inner flame, a yellow glass is produced, which 
becomes bluish green on cooling, and again changes to yellow in the outer 
flame. With microcosmic salt, in the outer flame, silica is separated, 
and a yellow glass obtained, the colour of which disappears as it cools; a 
similar result is obtained in the inner flame, excepting that the glass 
sometimes becomes greenish on cooling. 


Schafhautl. 
Vanadie Bronzite. — Ordinary Bronzite. 

L550 EE i Oe ee LB‘. ar eoee een, 18°28 
ELA DR Cee Lathe? Vee 15°69 
BGK Pease tines seseseds 3°23 
DY EER Rete acsmsicnse 3°65 FeO 8°23 
INGO vaategcisa mans cts 3°75 
AW a" ted te aR BO250 7. Wie eto 51°34 
PAG uhh) Se ae 00. ts Seen 4°39 
ELS Deo ape cake ee 1° 7s 7 eee eh i | 

P97 D oceans 100°04 


The formula of Vanadic Bronzite is not given by Schafhiutl; but if. 
SiO? is adopted instead of Si0*, it will closely resemble that of ordinary 
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Bronzite, in which part of the protoxide of iron is replaced b : 
vanadium and soda. (Ann. Pharm. 51, 254.) T Bm y oxide of 


c. Stax-fifths Silicate of Magnesia and Lime.—Hornblende, Amphibole. 
Crystalline system, the oblique prismatic. Primary form, Fig. 81, 
together with other forms, especially with the faces m, t, a, h, Piatu or 
u = 106° 55!; 2 : m (or the edge between wu and. ~) = 104° 57’; a:t= 
eet et = 105° 11's a) sw = 124° 84! oe sm = 152? 17 weg 
= 117° 43'. Cleavage distinct parallel to w! and w; less distinct parallel 
to m and ¢. (Hauy.) Hardness between apatite and felspar. Swells 
up when heated, and fuses with various degrees of facility (the more mag- 
nesia there is present, the higher is the temperature required), forming a 
colourless, or if it contains iron, a coloured glass. It sometimes resists 
the action of hydrochloric and sulphuric acids; at other times, when iron 
is present, it is slightly decomposed by them. 

It may in general be regarded as 3(MO,Si0*) + 2MO, 3Si0%. The 
symbol MO denotes a mixture in variable proportions of lime, magnesia; 
protoxide of iron, and protoxide of manganese. Fluoride of calcium also 
is generally present in small and variable quantities, and therefore most 
probably in a state of mechanical mixture. Many varieties of horn- 
blende likewise contain alumina, probably in the form of MgO, AI?0O%, 
or FeO, Al?0*, or a mixture of the two; in short, mixed in variable 
proportions with the hornblende, in the form of a compound analogous to 
spinelle or zeilanite. At all events, when the quantities of the different 
substances found by analysis are divided by their atomic weight, so as to 
obtain the atomic numbers .(1., 52) and from the atomic numbers of the 
stronger bases (CaO, MgO, MnO, FeO) a quantity equal to the atomic 
number of the hypothetically anbydrous fluoric acid and of the alumina 
is deducted, the remaining atomic number of the stronger bases is to that 
of the silicic acid, for the most part, as 5 : 6. 

a. Tremolite, Grammatite. Specific gravity = 2°93; swells up on 
exposure to heat, and fuses with difficulty to a colourless glass. 

B. Actynolite. (Strahlstein.) Specific gravity = 3:03. Coloured green 
by chromium and iron. 


Bonsdorff. 
——— 
At. ; Tremolite. a. b. 
So ae a ae 168:0 iy 13°74 ee 128735 a 14°11 
MgO ft APE 15 Bs 300°0 a 24°53 sate 24°31 re 25°00 
Pe ;.....:06:.. 44 a A 1°00 AY 0°50 
te me Ae ie 0°47 
td vy Var ex 744:0 ave 60°85 oe 60°10 V2 59°75 
Po Oo viscasne ene ee 10°7 ne 0°88 on 0°83 ih 0:94 
APC jc... pee Se 0°42 fr trace. 
| baa 0°15 aa 0°10 
1222°7 Pee 100°00 Behe POO OT ne LOE 
At. Actynolite. Bonsdorff. 
C. 
EO See 55 14°02 a 14°25 
oo Sa ae ig 35% 1573 20°94 ate 21°10 
4 BYE OUR Rees ALR ie 4°81 sana 3°95 
MnoO ......... ae Sat 0°31 
0 ceed e 21:0 5 59°26 ith 59°75 
Be Osi dees 0:97 ee 0°76 


100°00 ite 100°12 
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a is Tremolite from Fahlun;—8, from Gullsj6;—e is Actynolite from 
Taberg. The calculation for tremolite a, gives 6+15 = 21 atoms of 
base; and if from this we subtract one atom for the hypothetically anhy- 
drous fluoric acid, there remain 20 atoms of base to 24 atoms of silicic 
acid = 5:6. In actynolite, the atoms of base amount to 55+ 115+ 1°5 
— 18°5, and after the subtraction of one atom for the hydrofluoric acid 
there remain 17°5 atoms, which are combined with 21 atoms of silicic 
Boe sty os wba O 3, 

y. Anthophyllite. Specific gravity, 3°12; fuses with great difficulty 
to a blackish grey glass,—not decomposed by acids. 


L.Gmelin. Vopelius. Thomson. 


At. Anthophyliite. Fahlun. Kongsberg. Perth. 
C8 Eee 1 eK: 28°0 bey Pe ee DS at. ee 3 2 
EO 3c 18 A 360°0 oR.08 |. O38 Lg BE 3o eee 
EEO) o0icscka ts: I ste 35°6 yA dah sae Ser 236. sae 
F6O  wuclnc. 6 = EW ey 18°07 © uA 23 1. eae 2°10 
BOR bikes 30 Ene 930°0 57°54 cs) SO. ke. 9 SOA ee ee Be 
AAPOR citys, ive 1 wr 51°4 3°18 - bac : ee ae 3°20 
ji Oe eee ere Re eka 167 Ge 3°55 
SO eg RE OE Se ge eee 
16162 100°00 .... 101 .... 99°08 .... 99°30 


If from the 26 atoms of base, one atom be subtracted for the alumina, 
there will remain 25 atoms of base to 20 atoms of silica = 5 : 6; but the 
analyses give rather too small a quantity of silicic acid for this calculation. 


) Common Hornblender Specific gravity 3°0 to 3-4. Dark green; 
readily swelling up and fusing to a dark glass. Distinguished by the 
presence of a large amount of protoxide of iron and a compound con- 
taining alumina. It may be regarded as 5(CaO; MgO; FeO; MnO), 
6Si0 + 2CaF + «MgO, Al’O? or FeO, Al’O*. This formula is substantiated 
by the annexed calculations, in which also the fluorine is taken into 
account. ; 


Bonsdorff. 
At. Tremolite. a. 

CaO.....00..087 5 &. 1400 os 12:72 rs 12°73 
MgO oc 120 BAO. 0” ae 
PEO aa dee 1 aor $5°2 ~ #8 3°19 ee 2°28 
MnoO ......... bea ae = 0°57 
SiO? ck LGs8 he 520°B ase 47°31 hy. 47°21 
APO? 5. ..dac ot 3 we 5422 ho cexce 14°01 bas 13°94 
F—O oes 1 BA BO*7 eres 0:97 ake 0°90 
Lh Mile e see rae sik 0°44 

1100°9_..... +=: 1.00°00 pa 99°93 

Bonsdorff. 
At. Common Hornblende. b. 

CaO Aas Se ie ad SO:8 Apo 13°19 ct) oe 
MsO ee OPA moi BBO Ys Ke 18°84 aa3 18°79 
FeQ arate SP oe Bik G28 os TET oh i'32 
MnO 4.2% a as its 0°22 
SiG? Aas PO Peas O12 - -2y: 46°53 cies 45°69 
APO? © 1°6 ee 82:2 oe 12°10 st 12°18 
F—O ....... bs 10-7. as ae 


6795 ., T0000 .. 99°53 


HORNBLENDE. 
At. Common Hornblende. 
Cat) nce 9 beat 252°0 9°82 
MgO vise Lea a Ue 12°85 
POG). svsaaticc. 14 ies. Soares 19°19 
MING ands ad 
oj LS a eee 42 iad 1302°0 50°71 
APO? oi 3°5 453 180°1 7°01 
F—O ....... 1 sata 10°7 0°42 
BAND scseddacurk cual 
2567°6 100°00 
At. Uralite. 
ot Ae ee ee 5 if, ee 12°70 
MgO ........ 7 a “oT? 12°70 
WO 452%. s5a8is 5 oi. 2F60 15°96 
MnoO ........ thie 
| oa We ce | BOSS 53°98 
APO ........ 1 ost 51°4 4°66 
1102°6 100°00 
At. Common Hornblende. 
CaO: 385.33 2 Ley 56°0 14°41] 
MgO ........ Fs iia 60°0 15°44 
| eee 1 oe $5°2 9°05 
Mae nw.. a 
a 6 we ‘2oord 47°86 
APO® ........ 1 Hee 51°4 13°24 
ta ee sede 
388°6 100°00 
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Cc. 
10°16 
13°61 
18°75 

115 
48°83 
7°48 
0°41 
0°50 


100°89 


Kudernatsch. 


d. 
12°47 
12°90 
16°37 


53°05 
4°56 


99°35 


Hisinger. 


e. 
13°92 
16°34 
774 
1°50 
45°38 
13°82 
0°24 


98°94 


a is the so-called Grammatite from Acre;—b, Hornblende from 
Pargas;—c, Hornblende from Nordmark;—d, Uralite from the Baltic Sea; 
e, Hornblende from Lindbo.—In a, the number of atoms of the stronger 
bases amounts to 5+12+1=18; that of the alumina and hydrofluoric 
acid to 3+1—= 4; and if 4 atoms of the bases are in combination with 
these, there remain 18—4 — 14; these 14 atoms of base are to the 16:2 


atoms of silicic acid in the proportion of 5:6. 


calculations. 


Similarly, with the other 


Ordinary Asbestos, Amianth, Wood-asbestos, Petrified Cork, Byssolite, 
&c. consist of tremolite, actynolite, anthophyllite, or common hornblende 


in a very fine, fibrous state. 


Bonsdorff. Hess. Heintze. 
At. Asbestos. a. b. C. 

OES sclsiniecis 8°5. way» 238-0 15°34 45°55 0°04 
WE 6 eee 16 aa oee0 20°63 22°10 31°38 31°02 
1 -) © ee Pars) ae 8 3°40 3°08 9°22 8°27 
MnO wp. ey: 0°21 trace. 
dea 30 beta ad GUE 59°94 58°20 58°48 59°23 
PO lc. aoe 0°14 0°88 0°19 
ten CFS ais 0h 1 coo a Lose 0°69 0°66 
BAO... csxclexe 205, 0°14 ak 

sy es 100°00 100°08 100°00 100°02 


a is Asbestos from the Tarentaise ;—, Asbestos from Koruk, very diffi- 
cult of fusion;—c, Asbestos from Tschussowaja in the Ural. @ resembles 
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tremolite in composition, } and c resemble anthophyllite; 6 and ¢ are com- 
posed of about 5Fe0, 30Mg0, 42Si0?; the quantity of silica given-by the 
analyses is, however, rather too small for this calculation. 

G. Rose (Pogg. 22, 821) considers that augite and hornblende belong 
to the same class, and for the following reasons: the angles of either of 
these minerals may be reduced to those of the other; crystals are found 
in the form of augite and with the cleavage-planes of hornblende; when 
crystals of augite and hornblende have grown together, their axes are 
parallel; the specific gravity and composition of the two minerals are iden- 
tical ; if the fused mass is rapidly cooled, it assumes the appearance of 
augite, and if slowly cooled, it seems to crystallize in the form of hornblende. 
When, therefore, both are found together, the hornblende surrounds the 
crystals of augite, which are the first produced. From this cause, horn- 
blende is accompanied by quartz, felspar, albite, and other minerals, 
which are formed by the slow cooling of molten masses; augite, on the 
contrary, is found with olivine, which crystallizes by rapid cooling. For 
the same reason, slags, from being too quickly cooled, yield only crystals 
of augite. According to Mitscherlich and Berthier, also, the fusing toge- 
ther of lime, magnesia, and silica yields white crystals of augite, but 
none of hornblende; and even tremolite, fused by Mitscherlich and Ber- 
thier in a charcoal crucible,—or actynolite, by G. Rose, in a platinam cru- 
cible in a potter's furnace—solidified to a mass consisting of distinct 
crystals of augite. (G. Rose.)—It is remarkable that hornblende is always 
richer in silica than augite. 


d. Sesquisilicate of Magnesia and Lime.—One atom of lime, one atom 
of magnesia, and 8 atoms of silica exposed to the heat of a forge, yield a 
very fusible enamel of the colour of pearl. (Sefstrém.) 


SILICIUM AND CERIUM. 


DistnicaTE or CErous Ox1pE.—Cerite.— Dense;. specific gravity, 
4°8...4:93; fracture splintered; harder than apatite; colour, dark peach- 
red, inclining to brown; slightly translucent at the edges. The mineral 
yields water when heated; it is infusible before the blowpipe alone, 
but dissolves slowly in borax in the inner flame, forming a dark yellow 
glass, which becomes colourless as it cools; but by faming, or exposure 
to interrupted blasts, it is rendered enamel-white; it behaves in a similar 
manner with microcosmic salt, excepting that, in this case, an infusible 
skeleton of silica remains; with carbonate of soda it yields a dark yellow 
slag. Cerite in a finely-divided state dissolves easily in hydrochloric acid 
(and still more easily after ignition), with separation of gelatinous silica. 


Cerite. Hisinger. Vauquelin. 
tet) 8 se aentiard 108 68°78 #e 68°59 er 67 
eh ZaMted: hlhed yang eat eay ah 19°75 cat 18°00 ioe TZ 
DUO) be ca ah eae 18 Lir47 Ree 9°60 ie 12 
A. 68 TD) Alba ts eae aS) 2°00 oie 2 
et(p> “30... 5. ae aes ae 1°25 bis 2 
2CeO, SiO? +2Aq. ...: 157 100°00 Mes 99°44 8 oe: 100 


With the protoxide of cerium, oxide of lanthanum and oxide of didy- 


* mium are also mixed (Mosander); cerite likewise contains traces of yttria 


and cobalt. (Berzelius.) 
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SILICIUM AND YTTRIUM. 


A. Sinicate or Yrrria.—Gadolinite, or Ytterite.—Amorphous; spe- 
cific gravity 4:0 to 4:35. Harder than felspar. Black, passing into a 
greenish or brownish colour; translucent at the edges; greyish green 
when in a state of powder. 

a. Trisilicate—3YO, SiO*.—Splintery Gadolinite.—Of a splintery 
fracture. When heated, it sometimes, though rarely, emits a faint light; 
the principal varieties evolve a small portion of water, and swell up to a 
cauliflower-like mass. In borax it dissolves readily; but in microcosmic 
salt with great difficulty and not completely: the glass has a green colour, 
arising from the presence of protoxide of iron. With a small quantity 
of carbonate of soda, it forms a fused globule; but with a larger propor- 
tion, a reddish brown, semi-vitrefied slag. The gadolinite of Kararfvet, 
when heated, yields but a small quantity of water; becomes white without 
swelling up, and fuses to a grey or reddish-coloured, turbid glass; it dis- 
solves readily in borax, forming a glass which is slightly coloured by iron, 
and, when saturated with gadolinite, appears turbid and crystallizes on 
cooling to a grey mass. Microcosmic salt dissolves it, with separation of 
a skeleton of silica, forming a nearly colourless glass, which becomes 
opalescent as it cools: the mineral fuses with difliculty in carbonate of 
soda, forming a greyish red slag. (Berzelius.)—Splintery gadolinite dis- 
solves in hydrochloric acid with separation of gelatinous silica, but not 
after ignition. 
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a, is Gadolinite from Hitterén;—b, from Finbo;—c, from Broddbo;— 
d, from Kararfvet;—The calculation is made from a; in the other 
analyses, the oxide of lanthanum, a base unknown at the time when they. 
were made, was not taken into account. In all varieties of gadolinite, a 
portion of the yttria is replaced by several other bases. 

b. Disilicate of Yttria.—Vitreous Gadolinite.—Of conchoidal fracture.. 
When gradually heated, it emits a bright phosphorescent light (1., 107 ) of 
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a greyish green colour; at the same time it increases slightly in density, 
and swells up a little; before the blowpipe it turns black at the edges, . 
but does not fuse. Its behaviour with borax, microcosmic salt, carbonate 
of soda, and hydrochloric acid, is similar to that of a, 


Berlin, of Ytterby. 
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B. FivoripE oF SiLicruM AND YTTRIUM.—Insoluble in pure water, 
but dissolved by water containing hydrochloric acid; on the evaporation 
of the liquid, it separates again. . 


SILICIUM AND GLUCINUM. 


A. Sinicate oF Guucina.—Phenakite.—Primary form, a truncated 
thombohedron, fig. 141; ordinary form, fig. 145, with the lateral edges 
and lateral solid angles replaced by secondary faces; 7°: 7° = 115° 25’ 
(116° 40. Beirich); 7° v9? or 7°, 65° .35'; 7: p == 3147 ae ee 
age parallel to the faces which replace the lateral edges (or to the faces 
of the six-sided prism.) The mineral is harder than quartz, but softer 
than topaz; has the fracture of quartz; specific gravity = 2°969 (3-0 
Beirich.) Transparent and colourless, with a glassy lustre, and often 
yellowish. Infusible before the blowpipe. Dissolves in borax, forming a 
clear glass, from which, when saturated, opaque flakes are separated by 
flaming; in microcosmie salt, it dissolves very slowly (leaving at the same 
time a skeleton of silica) and forms a bead which, if saturated, becomes 
enamel-like on cooling. With carbonate of soda, in any proportions, it 
does not give a clear glass but only a white enamel. | 

Ignited with solution of cobalt, it assumes a dirty bluish colour: 
(Nordenskiold, Pogg. 31, 67.) 
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B. Fiuorwe or Siuictum and Guiucinum.—The aqueous solution 
yields on evaporation a clear syrupy liquid, which finally becomes opaque 
and white; if the salt was dissolved in an excess of acid, it remains, after 
the volatilization of the latter, in hard, white masses, resembling porcelain. 
The salt has a rough taste without any degree of sweetness. When 
heated till decomposition commences, it swells up slightly. It dissolves 
readily in water. (Berzelius.) 


es 
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C. SinicATE oF Guuctna AND Lime.—Leucophane is a compound 
of this double salt with fluoride of sodium. Cleavage parallel to 
the faces of a rhombic prism; specific gravity = 2°974; pale green or 
yellow, with a glassy lustre. Fuses before the blowpipe to a trans- 
parent, violet-coloured bead, which becomes opaque by flaming. It 
dissolves easily and in large quantity in borax, yielding an amethyst- 
coloured glass,—in microcosmic salt, with evolution of gaseous fluoride of 
silicium and separation of an insoluble skeleton of silica;—with carbo- 
nate of soda, it yields a turbid bead which does not sink into the charcoal. 
(Erdmann, Jahresbericht, 21, 2,168.) 
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3(CaO, SiO) + 3GO, 2Si0? + NaF. 


SILICIUM AND ALUMINUM. 


A. StntcatEe oF Atumina.—a. Disilicate of Alumina.—Hydrated.— 
«. Collyrite.—Very soft, earthy, and unctuous to the touch, adhering 
strongly to the tongue. In water it becomes transparent, and crumbles 
to pieces; it dissolves in acids, and the solution yields a jelly on evapora- 
tion.—8. Opaline Allophane.—Specific gravity, 1:985 to 2015; with 
Conchoidal fracture and glassy lustre; colour, greenish white. When 
heated it evolves water with slight decrepitation; swells up before the 
blowpipe without fusing; with microcosmic salt it forms a transparent 
bead. It dissolves in warm dilute hydrochloric acid with separation of 
gelatinous silica. (Schrotter.) 
Klaproth. Berthier. Schrotter. 
Collyrite. a b Gg. 
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a is Collyrite from Schemnitz;—d, from Esquerra;—c, is Opaline 
Allophane from Steiermark. 

b. Two-thirds Silicate of Alumina.—This is probably the composition 
of Staurolite, excepting that about one-third of the alumina is replaced by 
sequioxide of iron. This mineral belongs to the right prismatic system of 
crystallization. Jig. 61, 68, without the i-face, and Pig. 105 py se 
93°; wt : w = 129° 80; ~ 24 118° 15); uiy = 187 387; piy= 
125° 16’. Cleavage parallel to p, wu, and ¢. (Hauy.) The crystals fre- 
quently intersect each other in the shape of a cross at angles of 90° or 
120°. Specific gravity, from 3°5 to 3°8. Harder than quartz. Trans- 
lucent; dark-red or brown. When in the state of fine powder, it fuses 
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before the blowpipe to a black slag at the edges. It dissolves slowly in 
_ borax, forming a clear, dark-green glass; when reduced to powder, it dis- 
solves with difficulty, but almost entirely in microcosmic salt, yielding a | 
bead which is transparent and greenish yellow while hot, but becomes 
colourless and opaque on cooling, With carbonate of soda, it effervesces 
and yields a yellow slag. (Berzelius.) Hydrochloric acid does not act on 
staurolite; sulphuric acid decomposes it partially, either before or after 
;gnition. (Von Kobell.) 
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a is reddish brown—, blackish brown Staurolite, from Gotthard ;— 
cand dare from Brittany. With such inadequate results of analysis, the 
calculation given must be regarded as merely hypothetical. 

c. Monosilicate of Alumina.—a«. Anhydrous. AVO*,Si0*.—The fol- 
lowing minerals appear to possess this composition. 1. Andalusite and 
Chiastolite.—Right rhombic prisms, with angles of 91° 35’ and 88° 27’; 
cleavage parallel to w, m, and t. Specific gravity of Andalusite, from 3-0 
to 8:2; of Chiastolite from 2°94 to 3:09.—Harder than quartz (Chias- 
tolite is softer than felspar.) Infusible. Dissolves with difficulty in 
borax, forming a clear glass, and with still greater difficulty and less 
perfectly in microcosmic salt. Ignited in powder with solution of 
cobalt, it assumes a blue colour. Insoluble in acids. 
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a is Andalusite from Herzogau;—, from Lisens;—ce is Chiastolite 
from Lancaster. The calculation gives more alumina than the analyses; 
in the latter, however, lime, sesquioxide of iron, and sequioxide of 
manganese are found; and part of the silica is in combination with them. 

2. Cyanite.—Crystalline system, the doubly-oblique prismatic; Fig. 
121, with the faces w, m, and others; y: uw = 108° 55’; y: v= 94° 38’; 
uw:v — 106° 6. Cleavage parallel to v; less distinct, parallel to w; and 
still less distinct, parallel to y. (Hauy.) Specific gravity, from 3°54 to 3°67. 
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On the v-faces harder, on the w-faces softer than felspar. Transparent 
and of a pearly lustre on the v faces; generally blue. Before the blow- 
pipe it does not fuse but becomes colourless; it dissolyes with difficulty, but 
_ hevertheless completely, in borax, forming a transparent glass; and also in 
phosphate of soda, with the exception of a blistered, translucent skeleton 
of silica; with a small quantity of carbonate of soda, it fuses imper- 
fectly to a rounded, blistered, translucent mass, which, in the outer blow- 
pipe flame, generally assumes a rose colour; when strongly ignited with 
solution of cobalt, it becomes dark blue. (Berzelius.) Acids do not attack 
cyanite, 
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aand b are Cyanite from St. Gotthard;—c, from Réraas j—d, from 
Zillerthal ;—e is Fibrolite from the East:—f, Sillimanite. 

The Lalc-lithomarge of Rochlitz, according to the analysis of Kerstens 
(Schw. 66, 16), is likewise composed of Al?0%, SiO”. 

B. Hydrated Monosilicate of Alumina.—Soft, amorphous masses, 
which give up water when heated, but do not fuse.—1. IJiloschine.— 
Specific gravity = 2-031; translucent at the edges. In water it decre- 
pitates and falls to pieces. Dissolyes but partially in hydrochloric acid. 
(Kersten. ) 

2. The so-called Collyrite of Weissenfels; unctuous to the touch; 
adhering strongly to the lips; opaque. It dissolves in hydrochloric acid, 
the whole of the silica being separated in the gelatinous form. (Kersten.) 

3. Allophane.—Specific gravity, 1°76 to 1:89;—fracture, flatly con- 
choidal, passing into the plane. Adheres to the tongue. Transparent; 
pale greenish blue or yellowish white. By ignition it becomes white, 
opaque, and full of fissures. It dissolves perfectly in dilute acids; when 
digested in concentrated acids, it leaves a siliceous jelly. 
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a is the so-called Collyrite from Weissenfels ;—b, Allophane from 
Firmi, dried at 100°;—c, Allophane from Gersbach ;—d, Allophane from 
Friesdorf; ¢, Allophane from Firmi, dried in the air; f, Allophane 
from Grifenthal;—g, Allophane from Beauvais. As the allophane of 
Firmi, which retains 7 atoms of water when dried in the air, loses 2 atoms 
at 100°—these 2 atoms being doubtless attached to it merely as 
hygroscopic water—it may be concluded that the other varieties of 
allophane after being exposed to a temperature of 100°, do not contain 
more than 5 atoms of water. The Bole of Sinope, according to the 
analysis of Klaproth, is nearly (Fe*0*, A?O*) Si0?+ 2Aq, 

d. Sesquisilicate of Alumina.—a. Anhydrous.—Bucholzite and Xeno- 
lite, unless these minerals are merely fibrous varieties of eyanite. Xeno- 
lite is fibrous, of specific gravity 3°58, and as hard as quartz. (Nordens- 
kiold, Pogg. 56, 643.) 7 
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a is Bucholzite from Faltigl;—b, from Chester on the Delaware ;— 
¢ ig Xenolite from Finland, .. | 

Sefstroém did not succeed in fusing a mixture of 2 atoms of alumina 
with 3 atoms of silica in the most powerful blast-furnace. 

B. Hydrated.—1. The Worthite of Hess (Pogg. 21, 78) appears to 
be: 2A120?, 38i0?+ Aq.; but there is a deficiency of silica.—2. Pholerite. 
—Soft; adheres to the tongue; produces.a doughy mass with water; of a 
pearly lustre; white ; insoluble in nitrie acid, (Guillemin. ) 


Guillemin. 
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e, Bisilicate of Alumina.—a, Anhydrous.—Pure burnt clay. 

8. Hydrated.—Clay.—Nearly all pure clay consists of Al*0%, 2Si0? 
+ 2Aq. In nature, however, it is generally found mixed with carbonate 
of lime, magnesia, and protoxide of iron, from which it acquires the 
property of effervescing with acids; also with hydrated sesquioxide of 
iron and hydrated sesquioxide of manganese, finely divided quartz, fel- 
spar, albite, mica, spodumene, organic matter, &c., all of which modify 
its properties and applications to a considerable extent. The presence 
of potash, lime, sesquioxide of iron, &c., renders it more fusible. From 
the coarser impurities it may be separated by eleutriation. 

Clay is produced by the decomposition of felspar, albite, and similar 
compounds, from which the silicate of potash is dissolved out by water. 
Pure clay is soft, more or less unctuous to the touch, white and opaque, 
and emits a characteristic odour when breathed upon. Bouis (J. Pharm. 
13, 282) attributes this odour to the ammonia contained in the clay, in so 
far as the ammonia may serve as the vehicle of the odour. Accordingly, 
clay emits a stronger smell when treated with solution of caustic potash, 
by which the ammonia is expelled; but after the ammonia is all driven 
off, the odour ceases entirely. Clay is converted by water into a doughy 
mass, of various degrees of tenacity, but loses this quality on drying. 
When rapidly heated, it cracks in every direction; but when slowly 
heated, it parts with its water at a temperature below redness, and at the 
same time decreases in bulk; if heated to redness, it still continues 
porous, and may be saturated with water, but it no longer falls to pieces 
when put into water. The stronger the heat to which it is exposed, the 
more dense, sonorous, and hard does the clay become. At a very high 
temperature the pores contract, but the specific gravity of the clay, taken 
in a state of powder, increases only up to a dull red heat; at a higher 
temperature, it again diminishes. Kaolin dried at 100° has a specific 
gravity of 2°47; after drying at 150° (302° F.), of 2°53; at 300° (572° F.) 
of 2°60; after ignition at a low red heat, of 2°70; at a strong red 
heat, 2°64; at. incipient whiteness, 2°50; and after exposure to a full 
white heat, the specific gravity falls to 2:48. (Laurent, Ann. Chim. Phys. 
66, 96.) Pure clay does not fuse in the most powerful blast-furnaces; it 
becomes, however, soft enough to be bent for pipe-stems. Clay dissolves 
with difficulty in borax, forming a transparent glass; with phosphate of 
soda it forms a glass which is transparent and white while hot, and 
becomes opalescent as it cools, a skeleton of silica being also separated ; 
with carbonate of soda, it forms a green glass, if iron is also present; 
ignited with solution of cobalt, it generally assumes a blue colour. Clay 
does not dissolve in dilute hydrochloric or nitric acid; but diluted oil of 
vitriol boiled with the clay till the acid itself begins to evaporate, dis- 
solves out the alumina together with a small quantity of silica, and sepa- 
rates the greater portion of the silica, in the more soluble condition in which 


_it dissolves in a boiling solution of carbonate of soda: the quartz-sand, fel- 


spar, &c., frequently mixed with the clay, remain behind. (forchhammer.) 
By boiling clay with a solution of potash, a double silicate of alumina 
and potash is formed, which is dissolyed more perfectly in proportion to 
the excess of potash employed. Clay carefully heated till the whole of 
the water is expelled, still remains soluble in sulphuric acid and potash ; 
by ignition, however, its solubility is destroyed. One part of kaolin 
fused with 3 parts of hydrate of potash, yields a pasty mass; and with 
from 5 to 10 parts, a very fluid mass, From this mass, water dissolves 
out potash, together with alumina and silica, the quantity increasing as 
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the potash predominates; the residue consists of a double silicate of 
alumina and potash. One part of kaolin heated to redness with 5 parts of 
dry carbonate of soda does not fuse, and yields scarcely anything but pure 
soda when treated with water. After exposure to a white heat, however, 
the same results are obtained as with hydrate of potash. (Berthier.) 
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The specimens of clay examined by Forchhammer were dried at 100° 
before analysis, and then heated with sulphuric acid to obtain the results ; 
Berthier treated them alternately with a boiling solution of caustic 
potash and hydrochloric acid. The insoluble residue remaining after 
these processes, and consisting chiefly of quartz-sand and felspar, is 
designated by Jnsol.; the foreign substances in the clay which passed over 
with the solution, by Sol. For the sake of clearness, the pure clay is 
calculated to 100 parts; for instance in a, the 171°54 parts of the clay 
experimented on contain 100 parts of pure clay, 23°67 parts of soluble 
and 47°87 parts of insoluble foreign matters. | , 

a. Porcelain clay of Sedlitz. Sol. Carbonate of lime and an unde- 
termined substance, with traces of potash and soda; Jnsol. Quartz-sand. 

b. Porcelain clay from Schneeberg. Sol. Carbonate of lime with a 
trace of soda. 

c. Porcelain clay from Halle. Sol. Potash, carbonate of lime, mag- 
nesia, sesquioxide of manganese, and sesquioxide of iron. 

d. Porcelain clay from Bornholm. Sol. Potash, carbonate of lime, 
magnesia, sesquioxide of manganese, and sesquioxide of iron. 

e. Harthy Lenzinite from Kall. Sol, The sesquioxides of manganese 
and iron, with traces of potash and carbonate of lime. 

f. Elutriated Clay from Grossalmerode. Sol. Potash, the sesquioxides 
of manganese and iron, and a trace of carbonate of lime. 


a 
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g. Porcelain clay from Limoges. Sol. Soda, magnesia, and sesqui- 
oxide of manganese. 

h. Another specimen of the same. Sol. Magnesia; Insol. Felspar 
containing potash and magnesia. 

1. Whate clay from Siegen. The soluble part consists of magnesia. 

k. Washed Porcelain clay from Turascon. Jnsol. Quartz, and appa- 
rently, soda-spodumene. 

1. Washed Porcelain clay from Pamiers. Sol. Lime and magnesia, 
Insol. Quartz and soda-spodumene. 

mand n. Best Porcelain clay from Breage and St. Stephen’s in 
Cornwall. Sol. Magnesia ; Znsol. Quartz and tale. 

[On this subject, see more particularly Forchhammer, Pogg. 35, 331; 
Berthier, Ann. Chim. Phys. 62, 225; also J. pr. Chem. 10, 28. | 

The Porcelain clay of Passau differs from the preceding by containing 
one atom more of water. 


Fuchs. Forchhammer. 
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Many hardened varieties of Lithomarge (Steinmark) haye nearly the 
same composition as clay: 


Klaproth. Zellner, 
a. ‘ b. 
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a. Lithomarge from Rochlitz; b, from Buchberge near Landshut. 

Halloyte or Halloysite also appears from its composition to be nothing 
more than ordinary clay; it is true that when dried in the air it contains 
a larger proportion of water, which amounts to nearly 4 atoms; but when 
dried in the kiln, it is found to contain not much more than clay itself. 
Halloyte occurs in white, soft, smooth masses, with conchoidal, waxy 
fracture, adhering to the tongue, opaque, or translucent at the edges only, 
not falling to pieces when put into water, but increasing in translucency. 
It is readily decomposed by oil of vitriol. 


Berthier. Boussingault. 
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- Oswald. Dufrénoy. 
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a. Halloyte from Housscha near Bayonne; (1 kiln-dried; (2) dried 
in the open air; 0, from Angleur near Liége; 1 kiln-dried; (2) dried 
in the air. Both a and b were completely decomposed by cold oil of 
vitriol, with separation of gelatinous silica.—c, from Guateque in New 
Granada; (1) dried at 100°; (2) dried in the open air; this specimen 
contained a trace of chloride of ammonium;—d, from Upper Silesia, 
containing a trace of manganese;—e, from La Vouth;—/, from Thiyiers. 


Bole chiefly consists of hydrated Disilicate of alumina, in which a 
portion of the alumina is replaced by sesquioxide of iron. It contains, 
according to the manner in which it is dried, either 2 or 4 atoms of 
water; at least, according to the analysis of Wackenroder. (Kasin. Arch. 
11, 466.) It is soft, with a conchoidal fracture, and of a brownish yellow 
colour inclining to blackish brown; translucent at the edges, or in many 
cases perfectly opaque;—adheres strongly to the tongue; in water it 
separates into small pieces with a noisy evolution of air-bubbles. Bole 
fuses easily to a yellow or green enamel. 


f. Tersilicate of Alumina.—One atom of alumina heated with 3 atoms 
of silica in the strongest-heat of the blast furnace, yields.a dense, white, 
semi-vitrified mass. (Sefstrém.) The lithomarge of the Oemrichsberg con- 
sists of about : Al?0%, 88i0?+Aq.—Razoumofskin, of : APO*, 38810°+ 
3Aq. ) 

q The Salt-clay (salethon) examined by Schaf hautl appears to be a 
tersilicate of alumina mixed with carbonate of magnesia and other sub- 
stances. It is obtained from the so-called Haselgebirge occurring in 
certain salt formations. The Haselgebirge may be separated mechani- 
cally into granular rock-salt, and a grey mass interspersed with salt, which 
Humboldt has named salt-clay (salzthon). Its formula, according to the 
following analysis, is (Al’O%, 3810*) + MgO, CO*. 


Salt-clay. 
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(Ann. Pharm. 51, 261.) 7 


g. Quadrosilicate of Alumina.—a«. Anhydrous.—Under this head may 
probably be included Thomson’s Wacrite (occurring in brilliant, pale- 
green, flexible, inelastic scales, of specific gravity 2-788), and Gébel’s 
so-called Zersilicate of Alumina. 


EARTHENWARE, TOPAZ, 419 . 
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8. Hydrated.—The red Agalmatolite examined by Klaproth consists 
of about, Al’O0%, 4Si0?+ Aq. (that analyzed by Lychnell is Al?0*, 58i0°; 
another variety is composed of silicate of magnesia; and a second, of 
double silicate of alumina and potash)—Klaproth’s Oimolite and Berthier’s 
Kaolin of Elinbogen consist of AO*, 48i0?+3Aq. 

h. Octosilicate of Alumina.—Malthacite analyzed by Meissner appears 
to be Al’O*, 88i0?+ 20Aq. 


_  Harthenware.—Upon the property which clay possesses of being con- 
verted by ignition into a stony mass which no longer falls to pieces in water, 
depends its employment in the preparation of bricks and vessels of various 
Kinds. To diminish its contraction in drying and burning, it is generally 
mixed with a considerable quantity of quartz-sand, or with powder of 
burnt clay. The smaller the amount of lime, potash, &e. present in the 


‘clay, the higher is the temperature which it sustains without fusing, and 


the more dense and solid is the baked mass obtained. But since it always 
remains porous, it is generally covered with a glaze consisting of an 
easily fusible glass usually containing oxide of lead. For stoneware and 
porcelain, a mixture is used of very infusible clay and fine quartz-sand, 
with a certain portion of gypsum or felspar. The lime present in the 
former or the potash in the latter, gives rise, at a high temperature, to 
incipient fusion and softening of the mass, by which means its porosity is 
in a great measure diminished. [On coloured glazes for porcelain and 


‘enamels, wid. Wiichter, Ann. Pharm. 69, 99.] 


B. SintcaTte or ALUMINA WiTH FxivorIDE oF Sinicrum or FLvoRIDE 
or ALtumINuUM.—Topaz.—Crystalline system, the right prismatic; w!: w= 
124° 20'. Cleavage distinct, parallel to p; less distinct, parallel to the 


_- a-face of arhombic octohedron. Specific gravity, from 3°4 to 3°6. Harder 


than quartz. Transparent, colourless, or with a slight tint only. Topaz 


‘is infusible before the blowpipe, but at a very high temperature becomes 
‘covered with small blisters, at the same time evolving hydrofluoric acid 
{or probably fluoride of silicium]. With borax it fuses slowly to a trans- 


parent glass; with phosphate of soda it forms a skeleton of silica, and 
fuses to a glass which becomes opalescent on cooling. With a small 
quantity of carbonate of soda, it yields—though with ‘difficulty—a blis- 
tered opaque slag; with a larger proportion, it swells up and remains 
infusible. When ignited with solution of cobalt, it assumes a dirty blue 
colour. Hydrochloric acid does not decompose it. (Berzelius.) 


Berzelius. Klaproth. 
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a, and d, are analyses of Topaz from the Schneckenstein;—} from 
the Brazils;—c, Pyrophysalite from Finbo. The simplest formula is the 
* following: (3A20°, 28i0”) + Sik? = 2( APO", SiO?) + APO*, Sik’, On this 
hypothesis one-third of the alumina would be combined with SiF? instead 
of with $i0*. ; 

Pycnite, a mineral resembling topaz, consists probably of 3(Al?0®, 
SiO”) + SiF? = 2A1?0%, 3810? + AVO®, Sik’, | 


Pycnite. Berzelius. Klaproth, 
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C. Gompounps oF Sintcate or ALuMINA with the SILICATES OF 
Porasu, Sopa, Lrruia, BARYTA, STRONTIA, Lime, Magnesia, PROTOXIDE 
or Cerium, Ytrria, Guucina, Proroxipe or MANGANESE, AND Prot- 
OXIDE oF IRON. 

Silica heated in the blast-furnace with alumina and baryta or strontia, 
fuses readily to a greenish-coloured porcelain; but with alumina and lime 
it does not fuse, unless the silica is in excess. (Kirwan.) A mixture of 
equal parts of lime, magnesia, alumina, and silica fuses to a glass. 
(Achard.)—One part of powdered spinell yields with 1:2 parts of silica 
a very hard, globular, grey mass, which does not adhere to the platinum 
crucible, and is not attacked even by the strongest acids till after fusion 
with carbonate of potash. (Abich, Pogg. 23, 307.) 


a. From 7 to 10 atoms of a stronger base with one atom of alumina. 


«. Pennine.—Occurs in acute rhombohedrons and_ short six-sided 
prisms. Harder than gypsum; flexible when in thin lamine, but not 
elastic. Appears blackish green by reflected light; but, by transmitted 
light, emerald-green in the direction of the axis, and brown at right 
angles to it. It yields water when heated. Before the blowpipe it 
swells up and fuses at the edges toa yellowish white enamel. It dis- 
solves in borax and microcosmic salt, forming a transparent glass coloured 
by iron; in the latter a skeleton of silica is also separated, With car- 
bonate of soda it yields a brownish yellow slag. It dissolves in hydro- 
chloric acid, with separation of silica in a floculent state, and with still 
greater facility in sulphuric acid. (Frobel & Schweizer, Pogg. 50, 523.) 


Schweizer. 
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10(Mg0; FeO), 1AP03, 6Si0®, 7Aq. = 5[(2MgO; FeO), Si0"] + AFO%, SiO’ + 7Aq. ” 


B. English Soap-stone, according to Klaproth’s analyses, consists of 
7Me0, 1 A103, 8810”, 10Aq.; according to Svanberg, of 10Mg0, PAO 
98107, ZAg: | 
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b. Six atoms of a stronger base with one atom of alumina. 


a. Mornacite.—A crystalline slag obtained in rhombic prisms from a 
lime-kiln heated with turf or peat; specific gravity between 2°85 and » 
3°11; crumbles to pieces between the fingers; fuses with difficulty at 
the edges only, and with intumescence; yields a jelly with hydrochloric 
acid; and contains 23°7 per cent. of lime, 11°8 of magnesia, 1'2 of prot- 
oxide of manganese, 4°0 of protoxide of iron, 14°5 of alumina, and 43°0 
of silicic acid. (Reinsch, J. p7. Chem. 25,110.) Its composition is nearly: 
6(CaO; MgO; MnO; FeO,) 1A1*0%, 5Si0*. 

B. Steatite from Snarum.— 6MgO,1(Fe?0*; Al’O*,) 38107, GAq. = 
2(3Mg0, Si0?) + Al’O*, Si0?+ 6Aq. 
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y. Pyrosklerite.—6(Mg0O; FeO), 1(Cr?0*; Al?0%,)48i0”, 4Aq.=3(2Mg0, 
5107) + (Al?0*, SiO?) +4Aq. Has two planes of cleavage, one more and 
one less distinct, and at right angles to each other; specific gravity = 
2°74; fracture uneven and splintered; softer than fluor-spar. (Green.) 
Fuses with difficulty before the blowpipe to a grey glass; with borax it 
yields a glass coloured green by chromium; and with solution of cobalt, 
a greyish mass. Pyrosklerite in the state of fine powder, is completely: 
decomposed by concentrated hydrochloric acid, silica being separated, 
though not in the gelatinous state. (Von Kobell.) 


At. Pyrosklerite. Von Kobell. 
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0. Humboldtilite, Pure Sarcolite—Belongs to the square prismatic 
system. (Mig. 33); p:e = 146°. Sp. gr. from 2°91 to 3:1; of the same 
degree of hardness as apatite. Semi-transparent. uses readily before 
the blowpipe with slight evolution of gas-bubbles, and forms a blistered, 
translucent glass. It is easily decomposed, both before and after ignition, 
by hydrochloric acid, with separation of gelatinous silica, According to the 
analysis of Von Kobell, it approaches in composition to 2NaQ,17CaO, 
4Mg0,1FeO (total 24), — 4Al’O*, — 248i0* = 38(2Ca0, $10?) + APO’, 
3810*, 

«. Saponite-—Soft and soapy when fresh; hardens or crumbles to 
powder in drying. White; unctuous to the touch; adheres to the tongue. 
Evolves water when heated. Before the blowpipe it shows traces of inci- 
pient fusion and blistering. Dissolves in borax, forming a turbid glass, 
and also in microcosmic salt, with separation of a skeleton of silica, 
(Svanberg), 
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Svanberg. 
At. - Saponite. Sviirdsjé. 
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c. Five atoms of stronger base with one atom of alumina. 


a. Ripidolite—5(Mg0;Fe0), 1AP?0%, 3810", 4Aq. Related to chlorite: 
Fig. 182; p : r= 120°; rt 7 = 128° 425 7: > = 120°; cleavage parallel 
to p. Specific gravity = 2°65. Blackish green. Exfoliates before the 
blowpipe, becomes white, and fuses at the edges to a. white enamel; with 
borax it effervesces and forms a glass which is coloured by iron; with 
microcosmic salt it behaves in the same manner as uniaxial mica. It is 
perfectly decomposed by boiling with oil of vitriol. (Von Kobell.) 


Kobell. Varrentrapp. Briel. 
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greyish white glass, evolving bubbles of gas at the same time; with solu- 
tion of cobalt it forms a blue glass. It dissolves slowly in borax, 
yielding a glass slightly coloured by iron. It is easily decomposed by 
concentrated hydrochloric acid, silica being separated, but not in the 
usual gelatinous state. (Von Kobell.) ) 
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d. Four atoms of stronger base with one atom of alumina. — 


z. This includes the principal varieties of Chlorite: 4(MgO; FeO), 
1(A120°; Fe?0*), 2Si0?, 3Aq. = 4Mg0,S8i0? + AlP?O®,Si0* + 8Aq. Crystalline 
system, the rhombohedral. Cleavage parallel to p, in slender but inelastic 
laminw ; specific gravity from 2°7 to 2°85; soft; dark green. ‘Nearly 
infusible before the blowpipe. Decomposed by boiling oil of vitriol. — 


UNIAXIAL MICA. 493 
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In the chlorite of Rauris and in that of St. Gotthard, the silica amounts 
to rather more than 2 atoms. Chlorite from Pfitsch, analyzed by Varren- 
trapp, is 3MgO, 1(A1l?0*; Fe’0*), 3810”, 3HO. 

@. The principal varieties of Uniaxial or Magnesta-mica have likewise a 
similar composition*—4 MO, 1 Al?0°, 4Si0? = 2(2M0, Si0*) + AP’O®, 2810°. 
Under the symbol MO is included MgO, together with KO and FeO; a 
portion of the alumina is replaced by sesquioxide of iron; CaF and Aq. 
are also frequently present in small quantities. This mineral belongs to 
the rhombohedral. system, and occurs in short, regular, six-sided prisms 
and very acute rhombohedrons. Jig. 135 and 153; cleavage very easy 
parallel to p; splits into very thin, elastic laminw. Specific gravity from 
2°78 to 2:94; hardness between that of gypsum and calespar. Dark 
green and brown inclining to black, with a pearly metallic lustre on the 
cloven surfaces; translucent; has but one axis of polarization, When 
heated, it evolves a small quantity of water, and occasionally hydrofluoric 
acid. Fuses with tolerable facility, yielding a semi-opaque glass. It is 
but feebly acted on by hydrochloric acid; but sulphuric acid decomposes 
it completely, ~~ oe 


Kobell. H. Rose. 
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* § Schaffhiiutl (Ann. Pharm. 44, 325) compares compositions of the various 
micas one with another, by taking all the bases as one, and calculating them as APO%, 
and then combining them with the acid SiO’, The following micas are thus compared :— 
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From this it would appear that the composition of the micas ranges between MO, 2Si08 
and 5MO, 38i0%. 7 | es 
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Von Kobell. 
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Von Kobell. 
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Artificial Mica.—Found in a peculiar slag containing small quantities 
of potash and lime, with a large proportion of magnesia. Six-sided tables, 
easily fusible. (Mitscherlich, Ann. Chim. Phys. 24, 355.) 


y. Orthite—4(CaO; MgO; CeO; LaO; YO; MnO; FeO), 1(Fe?0*; 
Al?0*), 4810, with very variable proportions of water = 4(CaO; &c.), 
2Si02-+ (Fe2O?; Al?O*), 2Si0?+#Aq. Specific gravity, from 3:28 to 3°64; 
as hard as quartz, with a conchoidal fracture. Blackish grey, or in some 
cases jet-black; opaque. Yields water when heated, and emits a faint 
phosphorescent light. Before the blowpipe, it swells up, fuses, and boils, 
forming a blackish blistered glass. With borax or microcosmic salt it 
yields a glass coloured by iron. Fuses perfectly with a small quantity 
of carbonate of soda, but with a larger proportion it swells up and forms 
a slag. Hydrochloric acid dissolves it, if not previously ignited, and 
converts it into a gelatinous mass, 
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Th. Scheerer. 
Fillefjeld. 
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In the third analysis, the protoxides of manganese and iron were 
probably reckoned wholly, and in the fourth partly, as sesquioxides, 


e. Three atoms of stronger base with one atom of alumina. 


a. Gehlenite.—Rectangular four-sided prisms. Cleavage parallel to p. 
Specific gravity from 2°9 to 3:0. Harder than apatite. Very difficult to 
fuse before the blowpipe; difficultly soluble in borax or microcosmic salt. 
Gehlenite, both before and after ignition, is completely decomposed by 
hydrochloric acid, with separation of gelatinous silica, 
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Hence the formula for Gehlenite should be: 3(CaO; MgO), 1(Fe?0° 
Al’0°),2Si0”, Kiihn gives the formula: 4(2CaO, $10”)+ (2Al’O*,Si07) 
+2HO, But if the iron which it contains were in the state of ferrous 
or ferroso-ferric oxide, this formula would not be correct. If the water 
be really an essential constituent, it amounts to half an atom for every 2 
atoms of silica. 


8. Euclase—The annexed formula is but remotely approximative, 
and therefore doubtful: 83GO, 1AP0%, 2510? = 38GO, Si0?.+ AIO’, SiO*. 
Crystalline system, the oblique prismatic. ig. 86, with numerous other 
faces. 2‘ angle between wu and w = 130° 8; 1: @ = 126° 51’; wi us 
65° 42!; «>t = 122° 51'!; « : ¢ = 126° 51’; cleavage very easy, parallel 
to t; less easy, parallel to m. (Hauy.) Specific gravity = 3:06; harder 
than topaz. Swells up before the blowpipe, forming a cauliflower-like 
mass, and fuses at the extreme edges to a white enamel. Dissolves 
very slowly in borax, with some degree of effervescence, forming a trans- 
parent glass. With microcosmic salt it yields an insoluble skeleton of 
silica, and a transparent glass which becomes opalescent on cooling. With 
a small quantity of carbonate of soda, it gives a turbid glass; and with a 
larger proportion, a transparent glass. It is not acted on by acids, 
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y. Vesuvian, Idocrase.—8(CaO; MgO; MnO; FeO), 1(Fe*0*; APO*), 
3810? = 3Ca0, 2810? + Al?20*,Si0*. Belongs to the square prismatic 
system, Jig. 28, 31, 39, and other forms. -p : ¢ = 142° 54'; cleavage 
imperfect, parallel to p and g. (Hauy.) Specific gravity = 3°31 to 3°45 ; 
harder than felspar. Transparent, yellowish green, &c. Swells up and 
fuses readily before the blowpipe, forming a yellowish green or brownish 
glass. Dissolves easily in borax and microcosmic salt, forming a glass 
coloured by iron; the glass formed with microcosmic salt likewise contains: 
a skeleton of silica, and becomes opalescent on cooling. With a small 
quantity of carbonate of soda it fuses, though with difficulty, and forms a 
glass; with a larger quantity, it forms a slag-like mass. (Berzelius. ) 
Vesuyian from Egg, which has a specific gravity of 3°45, yields, after 
fusion in a crucible, a glass whose density is only from 2°944 to 2°965; 
and that from the banks of the Wilui in Siberia, a glass which resembles. 
the unfused mineral in colour and translucency, but is softer. (Magnus.) 
Vesuvian before fusion is but partially decomposed by hydrochloric acid; 
but after fusion that acid decomposes it completely, separating gelatinous 
silica. (Von Kobell; see also I., 102.) 


Karsten. : ' Magnus, 


» + At, Vesuvian. Piedmont. Vesuvius. _ -  Slato. 
CaO... nee Bees a aye 83°26" 2 “po aa 33°74 te Sere 
MgO ....0. Bt A. 100°0 BAG Me 2°70 3°10 Rae 0°77 
MnO ......... sae eG eee tee) 0°10 ge 1°49 
I 4 eee onl ae 4°67 
Fe?038 ........ ares 156°8 8°80" ox; 4°30 . 6°25 
REO A ON eTS ar B22 A 19°93 ...... .18°10 18°50. 27 18*11 
SiO? Acid B40 oat AGB 5. & OO" 25 37°50 as 37°18 

1 oo. s 41 28'2 100°'00 .... 98°95 - 99°16 dae. 98°01 


_ Most of the analyses of vesuvian do not yield results exactly corre- 
sponding to the formula; for ifthe whole of the iron is reckoned as sesqui- 
oxide, they give too large a proportion of strong base or too small a 
quantity of silica. Some varieties of yesuvian contain soda; others, more 
or less phosphoric acid. | . 
Artificial Vesuvian was found by Berthier (Ann. Chim. Phys, 33, 172) 
in the slag of an iron-smelting furnace fed with coke. 


). Garne.—Has the same composition as vesuvian, and is dimor- 
phous with it.—Belongs to the regular system of crystallization; most 
frequently occurring in rhomboidal dodecahedrons, and in octohedrons 
like those of leucite (Zig. 8 and 11); cleavage imperfect, parallel to d. 
Specific gravity from 3'4 to 4°3; somewhat harder than quartz; transpa- 
rent, and of various colours. Before the blowpipe garnet fuses readily 
and tranquilly, forming a transparent glass; with fluxes it behaves like 
yesuvian. ‘The glass obtained by fusing garnet has a lower specific 
gravity than the mineral itself. The specific gravity of garnet from 
Greenland diminishes on fusion from 8°9 to 3°05; that of the garnet 
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(Grossular) from the Wilui, from 3°68 to 2°95; the latter glass corresponds 
with the fused yesuvian of the Wilui, both in its physical and chemical 
characters. (See I., 106.) 

Garnet in its native state is not acted on by hydrochloric acid, or but 
partially when it contains a large proportion of lime; but after fusion it 
is completely decomposed, with separation of gelatinous silica; with gar- 
nets which contain a large quantity of lime, a red heat is sufficient for 
this purpose. (Kobell.) 


All garnets may be considered—particularly with reference to the 
experiments of Trolle Wachtmeister—as mixtures in variable proportions 
of the following varieties ; “a 


1. 3CaO, Al?0%, 3Si0?; 2. 3MgO, Al?03, 3Si0?; 

3. 3MnO, Al?O%, 3Si0?; 4. 3FeO, Al?0%, 3Si0?; 

5. 3CaO, Fe?0%, 3Si07; 6. 3MgO, Fe?Q, 3Si0?; .°.. 
7. 3MnO, Fe?0%, 3Si07; 8. 3FeO, Fe?03, 3Si0%. | 


The compound 1 (calcareous alumina-garne) predominates in Cinna- 
mon-stone (Grossular) and in the white garnet of Tellemarken; the com- 
pound 2: (magnesio-alumina-garnet) in the black garnet of Arendal; the 
compound 3 (manganesio-alumina-garnet) in a variety of garnet from 
North America, examined by Seybert, and in the garnet of Broddbo; the 
compound 4 (ferruginous alumina-garnet) in the oriental Almandine and 
other red varieties of precious garnet; the compound 5 (calcareous iron 
garnet) in the ordinary yellow, brown, and black garnet, and also in 
Melanite ; the compounds 6, 7, and 8 are not found to predominate in 
any of the varieties of garnet. Pyrope, which is principally composed of 
the compounds 1, 2, and 5, is characterized by containing chromium, which, 
in the form of sesquioxide, probably replaces a portion of the alumina, 


«. Allanite, Cerine,—8(CaO; CeO; FeO), 1(Fe?0*; Al’O*), 38810? = 
3(CaO ; CeO; FeO), 2810?+ (FeO*; Al’O*), SiO. Specific gravity from 
3'4 to 3'8; harder than apatite; fracture conchoidal. Jet-black and 
opaque. Fuses to a black glass, with slight evolution of gas bubbles, 
Most varieties are decomposed by hydrochloric acid, with formation of a 
jelly. The allanite of Snarum, however, is but very imperfectly decom- 
posed; and that from the mines of Bastnas resists the action of the acid 
altogether.—The following calculation is founded on Stromeyer’s analysis, 
Hermann regards the mineral from Miask, which he analysed, as orthite, 
although its composition corresponds rather to that of allanite: 
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@. Beryl, Emerald, Davidsonite.—3G0, 1A}0®, 6510” = 3(GO, Si0*), + 
Al0%, 3810?.—Crystalline system, the rhombohedral (B, a, I., 16). (Fig. 
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135, 186, 187, 140, and other forms); p : 7 (Wig. 1386) = 135°; pir 
(Fig. 187) = 150; cleavage easy parallel to p, less easy parallel to s. 
Specific gravity from 1:58 to 2°73; harder than quartz. Before the blow- 
pipe it fuses with difficulty, and at the edges only, to a turbid blistered 
glass; with borax or carbonate of soda it yields a transparent glass, 
which becomes turbid on cooling; with microcosmic salt it likewise forms, 
without any separation of silica, a clear glass which becomes turbid as it 
cools. Not decomposed by acids, or but partially by sulphuric acid after 
strong ignition. When exposed to the heat of a blast-furnace, with an 
equal weight of white marble in a charcoal crucible, it yields, according to 
Berthier, a transparent glass, the powder of which is perfectly decomposed 
by hydrochloric or sulphuric acid, with separation of gelatinous silica. 


Vauquelin. Berzelius. Th.Scheerer. C.Gmelin. 
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f. Two atoms of stronger base with one atom of alumina. 


a. Prehnite. —2Ca0,—1Al’O?,—88i0?,—1Aq. = 2(CaO, S10”) + 
Al*03, Si0?+ Aq.—Crystalline system, the right prismatic; Mg. 61, 49, 
70, and others; ul : w = 102° 40°; p: 7 = 155° 28’. Cleavage distinct, 
parallel to p; less distinct parallel tow. (Hauy.) Specific gravity = 2°92; 
harder than felspar. Translucent, and of a light colour. When heated, 
it loses water but does not become opaque. Fuses before the blowpipe to 
a blistered glass, with rapid evolution of gas bubbles. In the native state 
it is but imperfectly acted on by acids; but after strong ignition or fusion, 
acids decompose it completely, forming a jelly. (Von Kobell.) 


Walmstedt. Regnault. 
Abas ~ _ Dumbarton. Edelforfs. B. d’Oisans. 
ENO ot og . 560. a 26°74 4... 26°43 5. ~ZOSR we eee 
Mn?208 ..... es vant £3 eo eles 
Fe?O3 ...:.... are <i so Oya aia 6°81 4.77 4°61 
AlO3 ........ Lhe BEA 59455 426) RO Oa eee 
LG ae eee Sl 98°0. alk 44°41. oe, 4450. 236) 36a eee 
BIA) Seitoecs b Men ot aes | eee rE hae 4°43 4. ae ae 


1 +44.5209°4, (1 10000: oes, 99°71. Va. P0000 ee oe 


B. Many varieties of Uniaxial or Magnesia-mica come under this head 
(vid. III., 423).—2M0,—AV’O*,—3S10? = 2(MO, SiO”) + APO®, Si0*,— 
MO represents MgO with KO,CaQ, and FeO; a portion of AlO® is 
replaced by Fe?0*. Mica contains small quantities of Ca¥ and water, but 
it has not been ascertained whether these substances are essential to its 
composition, 
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y. Tachylyte or Conchoidal Augite-——Amorphous; with conchoidal 
fracture; specific gravity 2°714. Black. Fuses very readily to an opaque 
glass. Concentrated hydrochloric acid decomposes it completely in the 
cold. According to C. Gmelin’s analysis it appears to consist of about 


2(KO; NaO; CaO; MgO; MnO; FeO), 1(Fe?0*; AL?0*), 480°, 


g. 8 atoms of stronger base with 2 atoms of alumina. 


a. Epidote.—38(Ca0; MgO; MnO; FeO), 2(Fe’0°; Al’O*), 4810? = 
8(CaO; MgO; MnO; FeO), 2Si0?+ 2(Al’O*, Si0”).—Belongs to the mod- 
ified oblique prismatic (one and two-membered) system. Primary form, 
a right rhomboidal prism; angles of the lateral edges = 114° 87’ and 
65° 23!, (Hauy.) According to Brooke, this form, which is found in 
pistacite, is diversified in zoisite which occurs in oblique rhombic prisms. 
Fig. 87, with other faces; wu}: vw = 116° 30’, &c. . Specific gravity from 
3°0 to 8°5; harder than felspar. 


1. Calcarcous Epidote, Zoisite.—Generally consists of 3CaO, 2APO%, 
4Si0%, Kiihn gives 2(2Ca0, &c., SiO”) + 2(AP?0*14Si0") + Al’O*, SiO”. 
Slightly coloured. Swells up before the blowpipe, evolves bubbles of gas, 
and fuses at the edges to a transparent glass. Swells up with borax, and 
dissolves in it, forming a clear glass, In microcosmic salt it likewise swells 
up and dissolves readily, with effervescence and separation of a skeleton 
of silica. With a very small quantity of carbonate of soda it forms a pale 
green glass; with a larger quantity, it swells up to a white infusible 
mass. With solution of cobalt it produces a blue glass. (Berzelins.) It is 
partially decomposed by hydrochloric acid; but after ignition or fusion, 

that acid decomposes it perfectly, with formation of a jelly. 
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2. Ferruginous Epidote, Pistacite.—6(2Ca0, SiO”) + 8(Al’0%, 138107) 
+ (AP?0%,Si0*). (Kiihn.)—In this mineral a larger quantity of the lime is 
replaced by protoxide of iron, and a large proportion of the alumina by 
sesquioxide of iron. Transparent; green. Before the blowpipe it fuses at 
the edges, and subsequently swells up, forming a dark brown mass, which, 
by exposure to a more powerful blast, becomes black and somewhat 
rounded. (Berzelius. ) | 
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8. Manganesian Hpidote.—In this mineral, protoxide of manganese 
replaces the greater part of the lime, and sesquioxide of manganese and 
‘sesquioxide of iron a portion of the alumina. The analyses agree so little 
‘together that a correct calculation of the formula is impossible; the results 
‘obtained by Cordier correspond to about 28Ca0, 9MnO;—1Mn’0*, 8Fe?0’, 
9APO?;—86810". . | 
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8. Mejonite-—Crystalline system, the square prismatic. Fig. 29, without 
the p-face; r : é = 121° 45/; cleavage parallel to p andr. Specific gravity 
= 2°65. Transparent and colourless. Swells up strongly before the blow- 
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pipe, and fuses to a blistered, coloured glass. (Berzelius.) It is perfectly 
decomposed by hydrochloric acid, with formation of a jelly. Has appa- 
rently the same composition as zoisite, except that a small portion of the 
lime is replaced by potash and soda. 
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-  y. Weissite, or Scaly Triklasite.—Appears, according to the analyses 
of Trolle Wachtmeister, to consist of 8(KO; NaO; MgO; ZnO; MnO; 
FeO),—2 Al’0*,—8Si0*. 

0. Phacolite.—Resembles chabasite in its crystalline form; before the 
blowpipe it behaves like other zeolites. According to Anderson’s analysis 
(WV. Hd. Phil. J. 34,23), it appears to contain 3CaQO, 2A1*0°, 8Si0?, 10Aq. 


h. One atom of stronger base with one atom of alumina. 
e. MO, Al’O*, 2810? = MO, Si0?+ Al?0%, Si0*. ‘ 


The symbol MO comprehends KO, NaO, CaO, MgO, &ec. 

1. Artificial Potash-compound.—If a mixture of 2 parts of alumina 
and 3 parts of silica is fused with 15 parts or more of carbonate of potash, 
and the mass when cold is reduced to powder and exhausted with water, 
a compound corresponding to the above formula remains undissolved: it 
is decomposed by hydrochloric acid. (Berzelius.) | 
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9. Artificial Soda-compound.—Obtained in the same manner, and 
precisely similar in constitution. (Berzelius.) Na0O,8i0?+ AI’O®, Si0*, 


3. Llaeolite, Nepheline—Crystalline system, the hexagonal (B. a, I.,16.) 
(Fig. 185 and 187); p : 7 = 151° 53!. Specific gravity from 2°5 to 2°6. 
Harder than apatite. Transparent and colourless, Before the blowpipe, 
it fuses to a colourless blistered glass; dissolves slowly in borax, yielding 
a colourless glass; slowly also in microcosmie salt, with separation of a 
skeleton of silica, forming a glass which becomes opalescent on cooling. 
With solution of cobalt it turns blue’at the fused edges. (Berzelius.) 
Fragments of the mineral become turbid in nitric acid. In the state of 
powder, it is completely decomposed by hydrochloric acid, and converted 
into a gelatinous mass. 

a. The most simple formula for nepheline would be: (KO; Na0O), 
Si0?+ Al?0°, SiO; or more fully, (KO; SiO”) 4(NaO, SiO*) + 5(Al’O*,Si0?). 
- § The following formula (resembling that given by Th. Scheerer) 
corresponds, however, more strictly with most of the analyses: 
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(KO, 2Si0*) + 4(Na0, SiO?) + 5(AI?08, SiO”). According to this formula, 
5 atoms of stronger base and 5 atoms of alumina are combined not 
with 10, but with 11 atoms of silicic acid. 


Calculation according to formula a. 


According to formula 6. 


At. At. 
1 See ere 47°2 6°39 1 47°2 6°13 
GUD) od ce ssiccve 4 124°8 16°89 4 124°8 16°21 
APOP  vsace 5 257°0 B474 5 257°0 30°37 
BO es acokchcie 10 310°0 41°95 ll 341°0 44°29 
1 739°0_ ,.,. 100°00 1 770°0__.... 100°00 
Nepheline. Elaeolite. 
Th. Scheerer. Bromeis. Th. Scheerer. 
Katzenbuckel. Vesuvius. Miask. Miask. Brevig. Fredrikswarn. 
‘4 eee 5°60 4°52 6°43 5°69 5°10 5°45 
WaO c.cce 15°83 15°91 15°14 15°70 15°67 15°95 
Cal). scsi 0°84 2°01 0°33 0°26 0°28 6°33 
MgoO........ trace 0°61 trace 
Feo? 1°07 0:44 trace 0°57 0°86 0°45 
A??O3 pas i | 34°06 34°06 Sa 12 32°14 32°65 
SiO? -S) 00 43°70 44°04 42°42 44°07 44°59 45°31 
TOG. 6%. 1°39 0°21 0°46 0°90 2°05 0°60 
HC) &...3:. 0°14 0°04 0:06 : 
SO erica 0°05 0°07 
100°74_ .... 101°38 99°49 ...°100°44 <.. 10069 Fatuere 


4. Wernerite, Scapolite.—1CaO, 1 Al’0%, 2Si0? = CaO, Si0?+ Al’O%, SiO”. 
—Crystalline system, the square prismatic. Jig. 39 without the p-face; 
e:r about 121°; cleavage parallel to g and 7. Specifie gravity from 2:7 
to 2°8. Softer than felspar. Colourless and translucent. Fuses before 
the blowpipe and swells up to a translucent mass, which is no longer 
fusible. Dissolves in borax or microcosmic salt, with continued effer- 
vescence, forming a transparent glass. With a small quantity of carbonate 
of soda, it yields a clear glass, which, on a larger addition of the carbonate, 
becomes infusible. With solution of cobalt it gives a blue glass. (Berze- 
lius.) When finely pounded, it is perfectly decomposed by hydrochlo- 
ric acid, without forming a siliceous jelly (thereby distinguished from 
Mejonite). 


Walmstedt. | Nordenskiold. 

At. Wernerite. Tunaberg. Pargas, 

See 1 28:0 19°80 ree 19°37 18°96 
Le: 6 0°61 

EO? cases 1 51-4 36°35 35°28 35°43 

Hs eattiee 2 62:0 43°85 43°83 43°83 

PAO Mishaien, 1°03 

i ee yee FP | 100°00 99°09 99°25 


5. Anorthite.—Crystalline system, the doubly oblique prismatic. 
Primary form; Mig, 121; ¥ 1 u = 94912; y: 9 = 110 Sf jaa 
117° 28'; cleavage parallel to y and wu. 
Rose.) Harder than apatite. In the rest of its characters it resembles 
felspar. Before the blowpipe it behaves like felspar, but yields with 
carbonate of soda, in every proportion, a white enamel—never a trans- 
parent glass. (Berzelius.) | Concentrated hydrochloric acid completely 
decomposes it without forming a jelly. (G. Rose.) It has the same 


Specific gravity = 2°763. (G. - 
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formula as scapolite, excepting that small portions of the lime are.replaced 
by magnesia, potash, and soda. To this division also belongs Nordenskiold’s 
Amphodelite of Lojo, which has two planes of cleavage, inclined to each 
other at an angle of 94° 19!. Specific gravity, 2°763. Also the Diploite 
or Latrobite of Greenland, which belongs to the doubly oblique prismatic 
system. According to Brooke, its two planes of cleavage also make an 
angle of 93° 30! with each other; according to Breithaupt, the angle is 
about 95°. Specific gravity = 2°72 (Breithaupt), = 2°8 (Brooke.) The 
following result is the mean of two analyses of Latrobite. 


G. Rose. 
At. Anorthite. Vesuvius. 
b 4 see an 
Man %..i%... ee ie 
a a oe 1 oe 28:0 19°80 a 15°68 
i ae pad sa 5°26 
Fe03 an cae ake 0°74 
i, 2 Oe 1 ait oL*4 36°35 aes 34°46 
eS RS Sem laaed Pe nine 62°0 43°85 ee 44°49 
1 wel, Lata lOG-08 ins 8 100'65 
Abich. Nordenskiold. C. Gmelin. 
a. Vesuvius. b. Amphodelite. Latrobite. 
4 Fl a 0°25 fete 0°88 o,° ne 6°57 
TS y Fidescsadeasss 0°27 APY trace 
7) & Rene aera 19°02 ae 18°07 fu 10°15 oa 9°03 
MeO"... Tes Aelia ig: ae 505 ae 0°62 
POY yccccsveats 0:70 par 0°33 FeO.... 1°70 Mn?208 3°16 
AOS eckd tele, a3: 33°84 et 35°45 sake 34°82 
9 ee 44°12 oa 44°98 Wee 45°80 ane 43°21 
ee... i ce cae ee 
100°04 oo 99°66 cat 98°15 why 99°45 


6. Praseolite-—Rounded four, six, eight, and twelye-sided prisms, of 
specific gravity 2°754; harder than calespar. Green. Gives off water 
when heated. Fuses with difficulty at the edges to a bluish green glass. 
(Erdmann.) If the protoxide of iron found by Erdmann may be esti- 
mated as sesquioxide, the formula will be : MgO, SiO? + AP’O*, SiO? + Aq., 
one-sixth of the alumina, however, being replaced by sesquioxide of iron. 

7. Thomsonite, Comptonite.—Na0O, SiO? + 8(CaO, $107) + 4(Al?O’, 810°) 
+ 8 Aq. — Zhomsonite. — Crystalline system, the square prismatic. 
Square prisms, with the lateral and terminal edges and the corners trun- 
cated. Specific gravity = 2°37. Harder than fluorspar. Transparent. 
Swells up before the blowpipe, becoming opaque, and fusing at the edges 
to a white enamel. With acids it yields a jelly.—Comptonite.—Belongs 
to the right prismatic system: Fig. 65 with m-faces; 7:7 = 177° 35/; 
ul: w= 98° 45’; cleavage parallel to m, ¢, and wu. Harder than felspar. _ 
Transparent and colourless. Froths up before the blowpipe. When 
digested in the state of powder with nitric acid it yields a jelly. 


Berzelius. 
Thomsonite. Dumbarton. 
CS, pe Ree ae ite rp 
PRB see ce cc tiee 1 yn OL 4°87 an 4°53 
C40 7 ES 3 84°0 13°11 ae 13°54 
APO® EM. 4 205°6 32°08 rae 30°70 
SiO usb 8 248°0 38°70 wad 38°30 
FO). es. 8 72°0 11:24 fais 13°10 
1 640°8 100°00 sat 100°17 
2F 
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iT NIG An, Se et 
434 : RGR ieee js ca Tt. Rema 
_ Comptonite. Figs 
Rammelsberg. § Zippe. Melly. 
Seeberg. ; . Elbogen. 
ROG ake 054 bes 
NaO iijsssoris 3°85 de sk Sin mane 6°25 
CaO Warnick 13°43 si 11°96 see 12°60 
APS co cssist ise 30°84 vias oe O0L a aes 31°07 
2h ee pee 38°74 ee 38°25 oH 37°00 
BU) Cereus: 13°10 Ae 11°50 ts 12°24 
100°50 wee 00°24 ies bee 


8. 2MO, 2A1203, 5810? = 2(MO, SiO”) + 2AT20%, 8Si0”, 


1. Lolite, Dichroite, Cordierite, Steinheilite, Peliome, Luchs-sapphire.— 
Crystalline system, the square prismatic. ig. 70 ; ws wu = 120° nearly; 
cleavage imperfect;. parallel to p and wu. Specific gravity = 2°58; softer 
than quartz. Parallel to its axis it exhibits a blue colour, but perpen- 
dicular to it, a yellowish grey. Before the blowpipe it fuses with diffi- 
culty at the edges to a transparent stone-Coloured glass. Dissolves with 
difficulty in borax and: phosphate of soda, in the latter with separation of 
a skeleton of silica: It is but slightly attacked by acids. 3(Mg0O,Si0’) 
+ FeO, 8i0?+2(2A1?0%, 3810°.) Ved. 1., 98. 


. Stromeyer. 

At.  dolite. __ Simintak. - Bodenmais. 
st Wa 8 Rade reece 3 nies 60:0 O83 Dice ee 11°45 Ve 10°16 
Bye, @ eee bors ie 35°2 BF one: Ae34 oy 8°32 
MaQ acs, es . oats 0°04 < ha soeyiss 
APF id ies Fae SO Geri ihe 66 Mi 33122535 31°71 
Si tecsicecs 10 des 310°0 OIE 4 psays 49°17 a BBD 
HOR ey... oe vs == a 1'20: y caenee eee 

1 oy, ee, O20:8'S, 100:00. (oy, 99:82, Sagem 
Bonsdorff. ors Scheerer. 

Orrijerfvi. Cordierite. . Aspasiolite. 
MgO wieccesee 10:45 Re BES 8-01 
PEO | <..Sianks 5°00 soft 0°96 ae 2°34 
MaO 5 ....05-900 0°03 ie trace bool trace 
ATIF i vcobnavars 32°88 ae 32°95 =F 32°38 
BHLIES Asiinsss9e 49°95 nei 50°44 wie 50°40 
a) 6 Bree ery 1°75 aA 1:02 at 6°73 
CAO ccrcastves eee 1°12 ae trace 

100°06 oo 99°25 we 99°86 


9. Barsowite.—Hard; sometimes granular and of specific gravity 
2:751; sometimes compact, and of specific gravity 2°74, White and 
translucent. Before the blowpipe it fuses with difficulty at the edges 
only, and with slight evolution of gas bubbles, forming a blistered 
glass; with borax it yields a transparent glass, and also with phos- 
phate of soda; in the latter case, the bead becomes opalescent on cooling, 
and contains an infusible skeleton of silica; with an equal proportion of . 
carbonate of soda it yields a blistered glass; with a smaller quantity, a 
white infusible mass. In the state of powder, it is decomposed by hot 
ee ali acid and conyerted into a thick jelly. (G. Rose, Pogg. 48, 
567. ’ 


es At. - Varrentrapp. 
cg lds okt “196+ ALF lan sq Cee 
MeO (aus: hia) 200s. 1:6Da, sanddyaeeeeeme 
AEOS. ieiiaae old bl Ga., 320 Toul” see aan 
SOP BON). 6200 49-72 gs 
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3. Hsmarkite—2MgO, 2A1?0°, 58i0?, 2Aq.—Large rounded prisms; 
cleavage parallel to’ the terminal face. Spécific-gravity = 2-709; hard- 
ness between calespar and fluorspar.. When heated it evolves water. 
Fuses before the blowpipe to a grey glass at. the edges; dissolves in borax 
and in microcosmic salt, forming glasses which are coloured by iron; with 
carbonate of soda it forms a yellow slag. (Erdmann. ) | 


; At. Esmarkite, Erdmann, 
MeO voces 10 ee 200°0 10°39 Us 10°32 
MAUR eis ty ae 0°4] 
POO CS 2 SA 70°4 3°65 ae 3°83 
ATO oc. 12 es 616°8 32°04 aA 32°08 
ta Sen aia ae 30 ae. 930°0 48°31 ode 45°97 
nee eae rh ncs 12 ast 108°0 5°61 + 5°49 
aO, PbO, : 

Co0,Cu0.T102} | ee 

ol 1 Ase 1925:2 100°00 yh 98°55 


4, Fahlunite.—2(KO;Ca0; MgO; MnO; FeO), 2A1?0°, 5Si0?, 3Aqg.— 
Black crystals of the form of topaz and of specific gravity 2°74. Before 
the blowpipe it becomes colourless, cracks, and swells up slightly, fusing 
at the edges to a glass; assumes a blue colour when ignited with solution 
of cobalt; with borax or microcosmie salt, it yields a glass which is 
coloured: by iron. (Wachtmeister.) 


Wachtmeister. 
-. At. Fahlunite. Terra nova mine. Louisen mine. 
2.4) 3S eee 1 a 47°2 1°55 i 1:98 ae 1°38 
Ut ae 2 hak 56°0 1°84 ot 130 atl 0°95 
AT ene 0 oe See 200°0 6°57 at 6:75 pa A 6°04 
MnO ....... 2 bt /1*2 2°34 ae," 2°24 bed 1:90 
PeCKs. scat 3 ee 105°6 3°47 ‘eit 3°86 OMe iy 2a 
[6 Se ae 18 we O20 a 30°40 es 30°10 eee 30°70 
a oe 45 a 1395°0 45°84 Res 44°60 nee 44°95 
3 A Se a7 sects 243°0 = 7*99 #. « 9°35 ahs 8°65 
1 eae ee trace © *- sae trace 


1” ac.  ©698045"2 «40060 i. 100°23 ear 101°79 


5. Brevicite.—2(Na0O, CaO), 2A1’0%, 58i0?,4A q:—Colourless prisms and 
laminar radiated masses, Li a Aye 


Sonden. 

At. Brevicite. Stroni. 

NaO ......000 wR Ot et £CRG-§ 10°09 the 10°32 
Oa Os sciseneasi | eee 168°0 6°79 ii 6°88 
ME Oe lind oe a Ae ses 0°21 
AFO? on... i eee 719°6 29.08 ay 28°39 
SOCRe dco eduptres Sys hs ites 1085°0 ~° 43°85 ae 43°88 
«3 | wale Alpen ys Liane 252°C 10°19 ras 9°63 
Pool eo 2hg4'2™—. 100°00 shen neta: Got eee 


6. Hydrated Iolite. — 2(Mg0; FeO), 2AV?0*, 58i0?, 4Aq. — Regular. 
six-sided prisms: with truncated lateral edges; cleavage parallel to p. 
Rather harder than calespar. Greenish brown and translucent. When 
heated it -yields water and loses lustre, but suffers no further change, 
Before the blowpipe it becomes’ paler but does not fuse. It is not 
completely decomposed by acids. (Bonsdorff.) ee 
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At. Bonsdorff. 
MgO... .sssevens 3 ee: 60:0... 8279 ny 9°00)... 
POO crisapasnnee 1 rhe 35°2 5°16 aah 5°30 - 
BOP eaaiy aosien 4 oe 200S  heOOTTT 4 ae 30°05 
SIOPiiicsese LO ee LOG 45°40 LK 45°05 
HO G7. 8 ue 72°0 10°54 a 10°60 


1 ne OO2'S 5, 100°00 ene, LODO 


” Mesole.—That found at Faroe must be regarded as: 2(Na0; CO), 
2A03, 58102, 5Aq. That of Annaklef—though with less certainty— 
as: 1Na0,1Ca0,2A120%, 5Si0”, 4Aq.; probably allied to Brevicite. The 
mineral yields a jelly with hydrochloric acid. 


Berzelius. Hisinger. 

At. Mesole. Faroe. Annaklef. 
WNaO dercccecsavts AB ete 62°4 5°76 Ae 5°63 Rs, 10°81 
CaO Diese here (: SR 112°0 10°34 ies 11°43 ae 8°07 
RPO® ficicces eee. 308°4 28°48 More 28°00 Sire 26°80 
IO? aveaisicars TD57 Sine 465:0 42°95 ook 42°60 et, 41°52 
1t LO PSRs Poa 135°0 12°47 gue 12°70 wee 11°79 

At tac Rs OE Ns CE Nr MN SEE MEME Ee Or. 
2, bee 08218.) -1 00°00 wa - 100°36 e 98°99 


y. MO, Al?0?, 3Si0? = MO, SiO? + Al?0%, 2510. 

1. Ryacolite-—(Occurs in two forms, one portion resembling vitrefied 
felspar, another the ordinary variety of that mineral.)—1(KO;Na0O;CaQ), 
1AL20%, 3810? = (KO; NaO; CaO), Si0?+ AP’0%, 28i0*.—Crystalline sys- 
tem, the oblique prismatic; w’ : w= 119° 21'; 4: ¢ = 90°; cleavage 
parallel to 2 and ¢ Specific gravity = 2°618. Before the blowpipe it 
fuses rather more readily than adularia, and at the same time imparts 
a more intense yellow colour to the flame. Hydrochloric acid decomposes 
it imperfectly, and separates pulverulent silica. | 


G. Rose. 

y At. Ryacolite. Vesuvius. 
KORA Aae 3 at 141°6 6°58 uc 5°92 
NaQens.cind 8 249°6 11°60 ed 10°56 
Ca Qwaaskveaiss 1 28°0 1°30 yiae 1:07 
MgO acs ha ies 0°23 
Fre?O®  vesican Pes <uhe 0°28 
APO riiiscs 12 Fo 616'8 28°66 ea 29°44 
S14 G cerac epiiens 36 ‘hee os LEGO 51°86 ee 50°31 
i jp, 2152°0 . -100°00 sips S734 


2. Labrador.—1(Na0; CaO), 1A120?, 88i0?, or: NaO, SiO? + 3(CaO, SiO”) 
+ 4(Al20%, 2Si0?). —Crystalline system, the doubly oblique prismatic; 
cleavage in two directions which cross each other at an angle of about 
93° 30’. Specific gravity, varying from 2°69 to 2°75. Resembles felspar, 
and behaves like that mineral before the blowpipe; fuses, however, at a 
somewhat lower temperature. Labrador is completely decomposed by 
concentrated hydrochloric acid. 
Abich. Segeth. Le Hunte. 


At. Labrador. Etna. Radomisl. Milngavia. 

FAS) eo haiasee are ea 0°22. ee ee ee 

WRO Gh che 1 a 31:2 4°50 8 ci. 4:10. -sAste BGR “7 
WD i, cee canbe 3 she 84:0 1213 ieee: 9°49: 7 10*Gaaei aed Ue 
MeO 4 sii. A sa 1° 74h ce 

MBOis Accs ais nee 0°89 ac) trae es 

Fe?O3 ........ nares a TOO 2 2°34 Nias 0°30 
APO? ........ 4 ra 205°6 29°68 shike 26°46 a. SYED os 
Sil 8 Pee 12 ait 372°0 53°69 ee 53°48 > aa. + Shae eee ot 
HOS 1.4: 84 ae bac O-42 |. i 0°49) jx 0°87 


he’ ut 692'°8 100°00 ..« 98°40 ..... 99°8G Gy, 99°55 
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To this class also belong—so far at least as their composition is con- 
cerned—the minerals G'laucolite and Hkebergite.—Glaucolite: specific gra- 
vity=2'721. Softer than felspar. Blue and translucent. Fuses with 
difficulty; dissolves slowly in borax and microcosmic salt. (Bergemann.) 
—Lkebergite, on account of its mineralogical similarity, is generally 
classed with Mejonite and Wernerite; but the following analyses do not 
agree with this classification. The mineral exhibits a well marked plane 
of cleavage. It is harder than Wernerite. Specific gravity = 2°746. 
Transparent. Before the blowpipe it behaves like Wernerite. 


Glaucolite, Ekebergite. 
Bergemann. Nordenskiold. Hartwell & Hedberg. 
Baikal. Ersby. Ersby. Petteby. 
hea L-27 
BEB cinssssgp ne 2°97 ‘nk — 3°86 wee 5°12 
204 ee 10°27 outs 15°46 ves 13°53 a 9°33 
BOSD. iicccss 3°73 eats felt ‘ne 
PED gescassennss 0°10 en an. 0°55 ign 1°91 
idence 0°87 is He ass 
APP acces 27°60 ieee “c.” SQP2S ati: 27°60 tr 32°27 
TU ie Seeapae 50°58 a5, 8 54°13 jaa 52°11 eal 51°34 
2 | URE 1°73 ae 1:07 Se 0°73 a 1°00 
99°12 dave 99°89 ae 98°38 ath LOE SF 


3. Pinite.—KO,Si0? + FeO, Si0? + 2(A1’0%, 2810*) + Aq.?=(KO; FeO), 
$i0?+ Al’O*,2Si0*.—Crystalline system, the hexagonal. ig. 135 and 
139 (without the secondary face between p and s). p: 7 = 138° 11’ 
(Hauy.) Cleavage parallel to p and also parallel to s, though less dis- 
tinct. Specific gravity = 2°78. Softer than felspar. Slightly translucent. 
It becomes colourless before the blowpipe, and fuses at the edges to a 
blistered glass, which is colourless, or—when a large proportion of iron 
is present—black. Dissolves in borax with difficulty, yielding a trans- 
parent glass; and with still greater difficulty in microcosmic salt, forming 
a glass which contains an insoluble skeleton of silica and becomes opales- 
cent on cooling. (Berzelius.) It is but imperfectly decomposed by hydro- 
chlorie acid.—The want of accordance in the analyses renders it impossible 
to construct a formula which shall include the whole. Probably the 
water is not an essential constituent of the mineral. 


Scott. C. Gmelin. Ficinus. 

At. Pinite. Penig. Auvergne, Neustadt. 
At ee he Ad EO EA BET nee POs ote 11:2 

BEN sas gut pts od wees sone LEO! lean 

ik ans LAs (PFE Mn?Q3: *'1°6 
MgO ........ wih am - a S7Graey 0°8 
FeO ....240. LA eit, B92 S265); veak Cn eae Bh Bel ven 7°8 
BLP OF os sosyrene Cita, 402°8 ST°O4,) chek COM veined bebe Ae css v pod 23°6 
BIN cs ccsnsaared G Ava, 180°O A892) oem SOHO view 9. 85°96.) eee 54°6 
BR ease bee 9:0 2°56 si SUG as Pais 1-2 

Fe 980200810000 «= ke 00876... «100740 2... =: 100° 


4. Sodalite, Soda-Mesotype.—NaO, Si0?+ Al*0°, 28i0?+ 2Aq.— Be- 
longs to the right prismatic system. ig. 71, without the y face. 
wu! : w= 98° 22' (91° 20’. Phillips); a : w= 116° 32; @ :a= 144 16’; 
t : u' = 133° 14’; cleavage parallel to wu. (Hauy.) According to G. Rose 
(Pogg. 28, 424) it belongs to the oblique prismatic system: for the angle 
between wu and the a above, is 116° 27’, while that between wand thea 
below is only 115° 24’; w : w=91°35’. Specific gravity from 2:17 to 2°25, 


ves is eo; a eT at ok oi BABES Re) Tie Se cd 
re 1 r aS 
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In hardness it is between fluorspar and felspar. Before the blowpipe it 
becomes turbid and then fuses tranquilly to a transparent glass. It dis- 
solves readily in hydrochloric acid forming a siliceous jelly.. According 
to Fuchs, it dissolves easily and without residue in oxalic acid, provided 
it does not contain scolezite mechanically combined. sae ate 


Smithson. Fuchs. . Von Kobell. 
At. Sodalite. Auvergne. Auvergne. Hogau. Greenland. 
N8G.ia3, Bee Be OC Te ee dy") ke Le ie 14°70 
CaO........ mo te TFs Bert Oly oss hg 8S, 1:80. 
Fe?0* .... x | a as ire kOe eae 
ABO? 255 1 oie BUA OB Ba ete 2IED vee) 2050 Le pe ee ON eee 27°00 
SiO? a og ee oe 48-04 ae. AO oa 46°94 
FLO sais oe. 18:0 S29 eee Se seeds 9°19 /°\..-' 8°88 5 eeeeeoe 
Bey Pe ee Re ee aaa 
1 193'6 100°002" ::.. 102°5. -.1..0700°1005 a. OO 100°04 


5. Scolezite, Calcareous Mesotype. — CaO, $i0?+ APO, 28i0°+ 8Aq., 
or, according to Kane: CaO,HO,Si0?+AL0%,28i0°+2Aq. For, as 
-scolezite is isomorphous with. sodalite, the CaO,HO in scolezite replaces 
the NaO in natrolite.—Crystalline form, the same as that of sodalite. 
Specific gravity = 2°21. Before the blowpipe it curls up in a yermicular 
shape, and then fuses easily to a blistered. glass. With hydrochloric 
acid it behaves like sodalite; dissolves in oxalic acid with separation of 
oxalate of lime. : : . . 
Fuchs & Gehlen. > 


*. PRE Scolezite. Tceland. ae Faroe. ."  Staffa, 

NGO sons cz rie wits san osihd@iy. 5. eae? 
Cad 28 ccf: Li s.t.2 ) 28:05 14:04 a 10°44. wa) d3°SO ieee azo 
aM og & | Aaa ee, hides OLS 25°78 ssf 95°99 9%. 1 2S ae ee ee 
LOE ae a Dicks aie te 46°64 At 43°94 ..., 240-10) 3 aaa 
510 Baer fie etic tate fess 13°04 a fo oUt wee 13°62 °° - 2° 18°64 
hi ais 99945 --100°00 ai 99°37 ~ 41, (10008 aa Je 8980 


6. Mesolite.—A mixture of one ‘atom of sodalite and two atoms of 
scolezite. 1(Na0,Al’0%, 88i0%,2Aq.) + 2(CaO, Al03, 88102, 3Aq.) = 1NaO, 
2Ca0, 3A1’0*, 9810, 8Aq. ; 


; Berzelius. Fuchs & Gehlen. 
At. Mesolite. Faroe. Faroe. Iceland. Tyrol. 
NaQ.aiy. Liv grpience “2 BOF 8b 4008) S47 an. ee ee 
CaO)... 2 as ee oUdy 9:°4§ «2. 987 Las” Ue 
APO? et 8 co lb4'2 26 Dba" 2. 26°50 ae 26 dee oo 25°66... 27°00 
BO ses. 0, Gt 279-0 © 47-10 0 46°80 9. 47-00 aa ee 
Loh) en @ vec, f2:0). LO aba 212:30 Se. tas eee 12°31. ... 226 


T* ...; 592'4 “100-00. ... 100-87. o. 10020. ..._ 99°60 _... 100/25 
MO, ALO, 48i0? = MO, Si0?-++ ALO, 38102 ‘Gy 


“1. Leucite-—KO, AYO?, 48i0? = KO,Si0?+ AP’0?,38i0*, Belongs to 
the regular system. ig. 11. Specific gravity from 2°4 to 2°5. In 
hardness it is between apatite and felspar; fracture conchoidal. . Trans- 
parent. Infusible before the blowpipe; dissolves with difficulty though 
abundantly in borax, yielding a transparent glass; scarcely soluble im 
microcosmic salt; effervesces with carbonate of soda, and fuses with dif- 
ficulty to a clear blistered glass. (Berzelius.) When treated in a finely 
divided state with hydrochloric acid, itis completely decomposed, with 
_ Separation of. pulverulent silica. (guru: sy PS. ei eee 
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When solution of silica is added to an aqueous solution of alumina in 
potash, the mixture solidifies after a few minutes to a semi-opaque jelly, 
in consequence, of the separation of a double silicate of. alumina and 
potash, which, according to Berzelius, has the same composition as leucite; 
the excess of potash remains dissolved in the liquid. 

2. Andesine.—1(KO; NaO; CaO; MgO), 1AP0*; 4810? =(KO; NaO; 
CaO; MgO), SiO? + Al’O%, 3Si0*.—Belongs to the doubly oblique prismatic 
system. Specific gravity = 2°733. Resembles felspar. Fuses much 
more readily than albite, and yields a turbid glass. (Abich.) 
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3. Analcime.—1Na0,1AI20', 4810, 2Aq:=NaO,Si0? + AV?’O%, 3810, + 
2Aq.—Belongs to the regular system. Primary form a cube; occurs 
also in octohedrons like those of leucite, and im cubes, often with the 
faces of the leucite-octohedron replacing the edges. Cleavage indistinct 
parallel to the faces of the cube. Specific gravity: from 2°1 to 2:2. 
Softer than felspar. Transparent, and colourless.—Before the blowpipe 
it loses water and becomes milk-white; but when the heat is increased 
it again becomes clear, and then fuses quietly to a transparent glass. It 
is readily decomposed by hydrochloric acid, with separation of viscid 
silica; after ignition, however, the decomposition becomes more difficult, 
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4. Ledererite.—1Ca0, 1Al0%, 48i0*, 2Aq= CaO, Si0? + Al’O®, 8810? + 
2Aq.; one third of the lime is, however, replaced by soda. Phosphate 
of lime is also present, but whether it is essential to the composition of 
the mineral has not yet been determined.—Crystalline system, the hex- 
agonal (B,a,1., 16). Fig. 187, p : r= 130. Specific gravity = 27169; 
of the same degree of hardness as felspar. ‘Transparent and colourless. 
(Jackson.) Before the blowpipe it becomes opaque, and subsequently 
yields a white enamel, which, by long continued exposure to the flame, 
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becomes more glassy. Effervesces with carbonate of soda, and yields a 
white enamel. Perfectly decomposed by hydrochloric acid. (Hayes, Sv. 
Amer. J. 25, 78.) 
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5. Caporcianite ?—1Ca0,1Al0°, 48i0?,8Aq.—Swells up slightly be- 
fore the blowpipe, and fuses immediately afterwards. (Anderson, JV. 
Edinb. Phil. J. 34, 21.) [This mineral is probably related to Lomonite. ] 
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6. Lomonite.—1CaO, 1A1*0°, 48i0?, 4Ag.=Ca0O, 8i0?+ 1 A1’0°38i0? 
+ Aq.—Belongs, according to Hauy, to the right prismatic system; /ig. 
65 with the m-face; ww’: w= 98° 12’; 4: ¢= 121° 29’. According to 
Phillips, it belongs to the oblique prismatic system; primary form : Jig. 
81; 2: a or u=86° 15’; w := 118° 30’. Specific gravity =2°3. Softer 
than calespar. Transparent and colourless. When exposed to the air, 
it swells up slowly and forms an opaque friable mass. Before the blow- 
pipe this change takes place immediately; after which, the mineral yields 
a white enamel, which, at a higher temperature, becomes transparent. 
Dissolyes with ease in hydrochloric acid, a siliceous jelly being separated. 
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7. Chabasite. —1(KO; NaO; CaO), 1A1?0°, 48i0?, 6Aq = (KO; NaO; 
CaO), Si0?+ Al?0*, 381074 6Aq.—The variety richer in lime is called 
Ordinary or Calcareous Chabasite; that which is richer in soda, Gmelenite, 
Spurious Sarcolite, Hydrolite, or Soda-chabasite.-—Crystalline system, the 
rhombohedral; primary form an obtuse rhombohedron: J/g. 141 and 143 
with a o-face; 73: 7° = 98° 48; 71: 7° = 86° 12!; cleavage imperfect 
parallel to 7. (Hauy.) Specific gravity, from 2:0 to 2:1. Softer than 
felspar. Transparent and colourless. Shrinks up before the blowpipe 
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and fuses to a blistered, slightly translucent enamel. It is perfectly 
decomposed when treated in the state of powder by hydrochloric acid;— 
calcareous chabasite is decomposed with comparative difficulty and sepa- 
ration of viscid silica; soda-chabasite more readily, with formation of 
siliceous jelly. 
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Many varieties of calcareous chabasite appear to contain 43 atoms 
instead of 4 atoms of silica; this, however, is regarded by Berzelius as 
arising from an admixture of quartz. Whether Levyne, which, on the 
contrary contains less silica, is allied to calcareous chabasite, is still a 
matter of dispute. | Genth (Ann. Pharm. 66, 270) finds in a variety 
of chabasite occurring at Annerode near Giessen, 47 per cent. SiO2, 
19°71 Al?O%, 0°15 Fe?O*, 10°63 CaO, 0:65 NaO, 0°33K0, and 22-29 water. 
From this he deduces the formula, 3(CaO, NaO, KO)3 Al’?O®, 48107, 18Aq. 
According to Engelhardt, 3 atoms of water out, of the 18, are driven off 
at 100°, and 12 atoms more at a higher temperature, the last 3 atoms 
being more intimately combined than the rest. 7 


:. MO, ALO, 6Si0? = MO, 38i02+ Al20%, 38102. 


1. Felspar. Potash-felspar, Orthoclase-—KO, Al?0°, 6Si0?= KO, 38i0? 
+ Al’?0*,3810?.—Crystalline system, the oblique prismatic. Fig. 81, 82, 
and many other forms, namely those with # and j-faces; 7: ¢ = 90°; 
Waa 118°:48'6'; uw. t= 120° 35:7!; « 2a = 90° 6:9! (90°, G. Rose) 
(Kupffer.) Cleavage distinct, parallel to 7 and¢; indistinct, parallel to w; 
specific gravity from 2°496 to 2°601, and increasing in proportion as the 
potash is replaced by soda and lime. Softer than quartz, but harder than 
apatite; gives faint sparks with steel. Transparent and colourless. 
Fuses with great difficulty to a blistered, turbid glass. In borax it dissolves 
slowly, forming a transparent glass. In microcosmic salt it dissolves when 
reduced to powder, but with great difficulty and separation of a skeleton 
of silica, and yields a glass which becomes opalescent on cooling. With 
carbonate of soda it effervesces, and is slowly converted into a transparent, 
blistered, and very infusible glass; with solution of cobalt it assumes a 
blue colour at the fused edges only. (Berzelius. ) | 
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(Forchhammer, Pogg..35, 358.).. 
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A mixture of ‘equal weights of felspar and white marble, fused in a 
charcoal crucible in a blast-furnace, yields a transparent glass which is 
readily dissolved by acids, and contains only 5:9 parts of potash to 64°1 
parts of silica; 2 of the potash must therefore be volatilized. (Berthier.) 
Powdered felspar dissolves with difficulty and but partially in hot hydro- 
chloric acid. (G: Rose.) If powdered felspar is gently ignited with lime 
and the mass then digested with water, or if powdered felspar. pre- 
viously ignitedis boiled with milk of lime, it gives up its--potash to the 
water, the lime: taking the-place of potash in the compound. (Fuchs, 
Zierl.) Felspar in a state of minute division is not sensibly acted upon 
by water at a temperature’ of 100°; at 125° (257° F.) ina Papin’s 
digester it renders the water feebly alkaline; at 150° (302° F.) strongly; 
and at 220° (428° F.) still more strongly alkaline. The compound 
KO,4S8i0? is probably dissolved out in this process, which is of the same 
nature as-the slow efflorescence by which felspar is decomposed in nature: 
for when felspar = KO,AI?0*,68i0? gives up KO, 48i0* to the water, 
there remains AP?0?,2Si02, which, with 2 atoms of water, constitutes clay. 
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a, is Adularia, from St. Gotthard;—0, ordinary felspar, from Baveno, 
of specific gravity 2:555;—c, glassy felspar from Vesuvius;—d, the same 
variety from the lava of Arso, of specific gravity 2°6012;—e, a similar 
yariety from Epomeo, of specific gravity 2'5972;—f, the same from the 
tuff of Pausilippo, of specific gravity 2°651. . Hence, it. appears that it 
is chiefly in the glassy felspars occurring in volcanic regions, that a 
portion of the potash is replaced by soda, lime, and magnesia. Brei- 
thaupt’s Valencianite and Microcline have precisely the same composition 
as felspar. 

Artificial felspar, with the same crystalline form and composition as 
the native mineral, has been found on the wall of a smelting furnace. in 
which copper ore was reduced. (Kersten, Heine, Pogg. 88, 336; 34,431.) 
When felspar, or a mixture of its component parts, is fused, no crystals 
are obtained, even when the mass is cooled very slowly, but merely a 
glass. (Mitscherlich.) ; | 
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_ 2, Albite, Soda-felspar.—1Na0O, 1A1?0*, 6Si0? = NaO; 88i0?+ ALO? 
38i0*. When a portion of the soda is replaced by potash, the mineral is 
called Pericline and Potash-albite. Albite belongs to the doubly oblique 
system of crystallization. Primary form, Fig.121, with the 2-face replac- 
ing the acute angle between wand 7; y : wu = 93° 36; y: v = 115° 5; 
wiv = 117° 555 wiz = 119° 52!; vo: 2 = 122° 15/; cleavage parallel 
to y, u, and v, but most distinct parallel to y. It almost always occurs 
in macle-crystals. (G. Rose.) Specific gravity of -albite =2°614; of 
pericline =" 2°641;. of pdtash-albite = 2:622. (Abich.) .It is very like 
felspar. Before the blowpipe albite behaves like felspar, imparting, 
however, a more distinct. .yellow colour. to:the flame. : Pericline fuses 
more readily. Not decomposed by aqueous acids or. alkalis. ..... 


Eggertz. . Stromeyer. G.Rose. Thaulow. 
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The albite analyzed by Thatlow was regarded as pericline. The 
Pervline of Zoblitz, analyzed by C, Gmelin, consists of about 1KO, 
6NaO (total’7), 7AI?O?, 42510?; and that from the island of Pentellaria 
analyzed by Abich, 2KO,10Na0,2Ca0,1Mg0 (total 15), 15A1’0%, 90Si0% 
—The Potash-albite, from the trachyte of the Drachénfels, is; 2KO0,5Na0, 
2CaQO (total 9),9AI?0*,548107, 5 SN 

3. Epistilbite—1Ca0,1Al’0?, 6810°, 5Aq., = CaO, 3810? + Al’O%, 88i0? 
+ Aq.—Crystalline system, the. right prismatic. ./%¢. 64, without the 
i-face; wl >4 = 135° 10'; a: w= 96° 6. Cleavage distinct, parallel to 
the acute lateral edge (t-face).. Specific gravity = 2°25. In hardness 
it is intermediate between felspar and apatite. Transparent and colour- 
less. When heated, it swells up strongly and evolves water. Before the 
blowpipe it intumesces and yields a highly blistered enamel, which does 
not run into a globule. With borax and with microcosmic salt it yields 
a transparent glass, accompanied in the latter case with a skeleton 
of silica. With carbonate of soda it forms a clear blistered. glass, and 
with solution of cobalt a blue enamel. It dissolves in concentrated 


hydrochloric acid, with separation of silica in the form of a granular 


powder; after ignition, however, it is perfectly insoluble. (G.. Rose.) 
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4, Stilbite, Desmine.— 1CaO, 1Al?0°, 68i0*, 6Aq. = CaO, 3810? + 
AVL08,3Si0?+ 6 Aq.—Crystalline system, the right prismatic (or the oblique 
prismatic?) Right rectangular prisms with four-sided summits resting 
on the lateral edges; consequently with the m, ¢, a, and p-faces pra 
= 138° 3'; a:m = 123° 53; a:¢ = 118° 14); a: a = 123° 32! and 
112° 14!,. Cleavage very distinct parallel to m. Specific gravity = 
2:16; As hard as fluorspar. Transparent.and colourless, and with a 
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beautiful pearly lustre on the m-faces. Swells up strongly before the 
blowpipe and fuses with difficulty to a blistered glass. It is slowly but 
‘completely decomposed by concentrated hydrochloric acid, with separation 
of silica in the form of a viscid powder. 


Hisinger. Moss. 
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7. 3 Atoms of stronger base with 4 atoms of Alumina. 


a. Oligoclase, Soda-spodumene. — 3Na0, 4AI203,16Si0? = (3Na0, 
4Si0*) +.4(AL0%, 3Si0”). A portion of the soda is replaced by potash, 
lime, and magnesia. Crystalline system, the doubly oblique prismatic. 
Specific gravity = 2°668. Resembles felspar, but fuses with much 
greater facility to a transparent and colourless glass. Not decomposed 
by acids. 


Berzelius. Laurent. Hagen. 
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Most of the analyses of this mineral, however, correspond more 
exactly to the formula, 4Na0, 5Al0?, 218i0?; some, as those of Rosales 
and Bodemann, likewise correspond to 1NaQO, 1Al?03,58i0?; but there is 
generally a deficiency in the quantity of the stronger base. Most pro- 
bably the proportions are 3Na0, 4A\20?,158i0?; because these propor- 
tions likewise occur in spodumene, and because the number of atoms of 
silica therein contained is exactly half that which occurs in petalite. 
Further analyses of specimens of oligoclase of the utmost possible purity, 
are necessary to decide the question. 


8. Spodumene, Triphane.—Hither 8Li0, 4A?O%, 158i0?= 38(Li0, 8i0*) 
+ 4(Al?0%, 3Si0) ; or 8Li0, 4Al’0%, 16Si0? = 3Li0, 4510° + 4(Al?0%, 
38i0”). <A portion of the lithia is replaced by soda. Occurs in crystal- 
line masses with two planes of cleavage, one more and one less distinct, 
and intersecting each other at an angle of 105°. Specific gravity = 3:2; 
harder than felspar. Swells up before the blowpipe, imparting at the 
same time a slight and transient purple-red colour to the flame, and 
fusing with tolerable facility to a nearly transparent glass. With solution 
of cobalt it gives a blue glass. When mixed in a finely divided state 
with fluorspar and bisulphate of potash, it imparts a brighter red colour to 
the blowpipe flame. It is not acted on by acids. Spodumene exposed in 
a charcoal crucible to the heat of a blast-furnace, yields a glass which 
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resists the action of acids; with an equal weight of carbonate of lime, it 
yields—without any loss of lithia by volatilization—a transparent glass 
which is perfectly decomposed by acids. (Berthier.) 
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Assuming the formula to be: 3Li0, 4A1’O°, 16Si0?, calculation would 
give 5°8 per cent. of lithia, 27°6 of alumina, and 66°6 of silica. 


y. Petalite-—1Na0, 2Li0, 4A1’0*, 30Si0” = NaO, 2Si0? + 2(Li0,2Si0?) 
+ 4(Al’O*, 6Si0?). Belongs apparently to the doubly oblique pris- 
matic system. Presents two planes of cleavage, one more and one 
less distinct, and intersecting each other at an angle of 1414°. Specific 
gravity from 2°4 to 2°44. Rather harder than felspar. Resembles that 
mineral in external appearance; but fuses readily and tranquilly to a 
turbid and rather blistered glass, imparting at the same time a red colour 
to the blowpipe flame, especially when mixed in the state of powder with 
fluorspar and bisulphate of potash. Not decomposed either by hydro- 
chlorie or by sulphuric acid, even after ignition. 


At. Petalite. Hagen. C. Gmelin, Arfvedson. 
SM eet te Seay PBL oa aa tie 
may... ee aaa pigy PF? oseg SPL fat! Saas 
te a3) ee he ey yk aan 
AVPO® ......... Ar Re. ..205°6 B39 aes TOS a EAD ee 
_ 1 re ‘| a 930°0 1 i Gr i! Paes 77°81 oh 44:17 * Ca OR 
See is neat cy y sot Y SLs 

Dita eee 2 30000 ~ \s.... 100°00 «a: 99°23. + a JOSE 


1 Breithaupt (Pogg. 69, 441) describes a mineral containing lithia 
which greatly resembles Stilbite or Heulandite in appearance. He has 
given it the name of Zygadite, from Cvyadyy (occurring in pairs). It is 
found near Zellerfeld in the Hartz, accompanied by quartz and very 
small rhombohedral crystals of chabasite. It has a vitreous lustre; the 
fractured surfaces, however, have a lustre between that of glass and that 
of mother-of-pearl ; its colour is reddish and yellowish white; sometimes 
feebly translucent, but generally quite opaque or turbid. Primary form, 
a rhombic prism of about 136° and 44°; has a distinct plane of cleavage, 
and its fracture is uneven. Hardness from 7 to 7}, being somewhat 
greater than that of scapolite. Contains lithia, alumina, and silica; but 
the proportions have not been determined. Chemically, it is allied to 
Petalite and Castor. VT 


d Gismondine, Zeagonite.—1KO, 2Ca0, 4AV0%, 11810”, 15Aq. = KO, 
SiO? + 2(CaO, SiO’) + 4(APO®, 2Si0*) +1 5Aq. Resembles harmotome in 
the form of its crystals. Specific gravity = 2°18. Dissolves readily 
and completely in hydrochloric acid, yielding a siliceous jelly on evapo- 
ration. 
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ine system, the oblique prismatic. Fig. 913 
°: cleavage distinct parallel to w,; indistinct 
Translucent, white, and of a pearly lustre. 


Effloresces in 


t evolves a considerable quantity of water, swells 
scence to.a white enamel. 


With. borax it 


Dissolves readily in hydrochloric acid. (Blum, 


Rectangular prisms (¢ and m 
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Leonhardite. 
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crossways into each other. Harder than fluorspar. 
it gives off water and fuses to a transparent glass. 


1 


Potash-harmotome, Calcareous-harmotome, or 


2Ca0, 4A120°, 158102, 18Aq. = KO, Si0?+ 2(Ca0,Si0*) + 4(AP?O®, 8810 


Phillipsite. ~1K0; 
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e,—Crystalline system, the right prismatic. 
faces), with four-sided summits (a-faces), 
cleavage distinct, parallel to ¢ (the narrow 
“the crystals are generally inserted 
- Before:the blowpipe 


2 


+18Aq. Specific gravity from 2°16 to 2:17. Loses water before the 
blowpipe, swells slightly, and then fuses to a translucent glass. Tt is 
easily and completely decomposed by hydrochloric acid, with separation 
of gelatinous silica, | oh | 
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2. Baryta-harmotome.—8Ba0, 4A1°0*, 188i0", 18Aq. = 38(BaO, 2810") 
4 4(APO%, 88107) +18Aq. Specific gravity from 2°40 to 2-43. When 
finely pounded, it is perfectly decomposed by hydrochloric acid, though 
with difficulty, silica being separated in the pulverulent state. | 
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: Rammelsberg, Connell, Kohler. 
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n. Brewsterite.—8(BaO; SrO; CaO), 4Al’0%, 188i0?, 15Aq. = 3([BaO; 
SrO; CaO], 28i0*) + 4(A’O%, 38107) + 15Aq. © Crystalline system, the 
oblique prismatic. Primary form, Fig. 81, with the faces a, u, u', 4 
and other lateral faces; the angle between and «, and the angle between 
Gand 46 a DO? 40 a) 4 t.==.987. 30; use == 1381°5 “ws = 114 30; 
cleavage parallel to ¢. (Brooke.) Specific gravity from 2°12 to 2°2. 
(Brewster.) Transparent and colourless. . According to Connell, it is 
but imperfectly decomposed by hydrochloric acid. 


Connell. 
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6. Heulandite, Lamellar Zeolite. — 8Ca0, 4AV0%, 21810”, 20Aq. = 
3(CaO, 3Si0*) + 4(Al’0*, 8810”) +20Aq. Primary form, a right rhombic 
prism: w' : w = 129° 50!. Resembles stilbite. It is readily decomposed 
by hydrochloric acid, the silica being separated in the form of a viscid 
powder. | 
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7 k. Two atoms of stronger base to three atoms of alumina. 


Diphanite.—2(2MO, Si0*) + 8(2APO%, SiO”) + 4HO; or, 2 (4MO, 3810?) 
+8(4A20%,38i0?)+8HO. A mineral occurring in the emerald. mines 
of the Uralian mountains, together with emerald, cymophane, and phe- 
nakite, on a brown micaceous slate. Forms regular six-sided prisms, 
with a distinct plane of cleavage at right angles to the principal axis. 
The prisms appear blue and transparent on one side, and have a 
yitreous lustre; on the cleavage-faces, however, the mineral appears 
white and opaque when in tolerably thick lamine, and has a mother-of- 
pearl lustre. Its name is derived from this peculiarity (% and Pavis). 
Hardness from 5 to. 5°5; very brittle; specific gravity 3°04 to 3°07. 


448 | SILICIUM. 


When heated, it acquires a darker colour, emits a burnt odour, and 
deposits moisture on the sides of the glass. Before the blowpipe it 
becomes opaque, swells up, exfoliates, and fuses in the inner flame to a 
smooth enamel. With borax and microcosmic salt, it readily yields a 
clear glass which acquires a yellowish tinge on cooling; with the latter 
salt also a skeleton of silica is left undissolved. With a small quantity 
of carbonate of soda, it yields a blistered glass which is dark on the sur- 
face; with a larger quantity, an infusible enamel slightly coloured by 


manganese. 
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l. One atom of stronger base with from 2 to 24 atoms of alumina. 


To this division appear to belong Poonalite, Rosellane, Polyargute, 
Gigantolite, Rosite, Oncosine, and Pyrophyllite. 

{ Castor and Pollux.—Two new minerals closely allied to each other, 
discovered by Breithaupt, and further examined by Plattner (Pogg. 69, 
436 and 443). Found in the granite of the island of Elba.—-Castor 
LO, Si0®-+2(Al20%, 2Si0*) has a high glassy lustre, is transparent and 
colourless, and biaxial. Primary form, a modified rhombic prism not 
before observed. Hardness between 81 and 81, or rather greater than 
that of adularia. Specific gravity 2°39. In the direction of its two 
planes of cleavage, in hardness, and in density, Castor somewhat resembles 
petalite. Heated in a test-tube, it neither changes in appearance nor 
gives off water. When heated in thin lamina before the blowpipe, it 
fuses with difficulty, yielding a transparent, colourless bead; imparts an 
intense carmine colour to the outer flame. When powdered, it dissolves in 
borax with tolerable facility, forming a glass which is yellowish while hot 
but colourless when cold. In microcosmic salt it dissolves in a similar 
manner, with the exception of a portion of silica; the glass becomes 
opalescent on cooling. With carbonate of soda, it effervesces and yields 
a clear colourless bead. The finely divided mineral moistened with solu- 
tion of cobalt and exposed to the outer flame on charcoal, is coloured 
blue where complete fusion takes place. It is scarcely attacked by 
hydrochloric acid.—Pollua. 38(KO,8i0°) + 3(Na0O, $i0*) + 3(Al?0°, Si0*) 
+2HO. Lustre and other physical characters like those of Castor. 
Its form is greatly broken and resembles that of Castor, excepting that 
the edges are less acute, and frequently even rounded like those of 
hyalite. Fracture conchoidal. Cleavage scarcely perceptible, if any. 
Heated in a glass tube, it evolves water, and loses its transparency, 
so that it appears opalescent when cold. Before the blowpipe it becomes 
white, and—when in thin lamine —rounded at the edges, the fused 
portions resembling a blistered enamel; colours the outer flame reddish- 
yellow. Dissolves readily in borax and microcosmic salt, forming a 
transparent glass similar to that formed by Castor. With carbonate 
of soda, it effervesces and yields a clear bead, which, if fused with 
a larger quantity of the carbonate, sinks almost wholly into the 


BIAXIAL MICA. 449 


charcoal, leaving only a small opaque bead, which, if similarly treated, is 
completely absorbed. Hydrochloric acid, with the aid of heat, decom. 
poses it perfectly, the silica being separated in the state of powder. 
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The formule for these two minerals, supposing silica = SiO%, are 
respectively: 2L0, 3Si0?+4(Al*?0*, 8Si0*) and 3(KO, SiO”) +3(Na0, 
3510") + 3(AP?O%, 38i0?) +2HO. The loss in the analysis of Pollux, 
Plattner could not account for, as he found neither chlorine nor fluorine in 
mineral, (A repetition of the whole process was impossible, on account 
of the small quantity of the mineral obtained.) Pollux appears to con- 
tain a larger quantity of alkali than any other known mineral. 4 


m. One atom of stronger base with 3 atoms of alumina. 


Biaxial or Potash-mica.—-Crystalline system the oblique prismatic; 
oblique rhombic and short six-sided prisms; wu! : 7=119°,...120°; cleaves 
very readily parallel to 7, in thin, elastic lamine. Sp. gr. from 2°8 to 
3°0; hardness between gypsum and calcareous spar. Transparent; 
biaxial in polarized light; colourless or light-coloured with metallic, 
pearly lustre. When richer in fluorine it loses lustre by ignition, a small 
quantity of water and generally also of hydrofluoric acid being evolved. 
Fuses with variable degrees of facility to a turbid glass or a white enamel. 
(Berzelius.) Not decomposed either by hydrochloric or by sulphuric 
acid. 

The formula appears in general to be KO, 3A1?0%, 6Si0? = (KO, 3810") 
+3(Al’0*, $10). A portion of the potash is, however, replaced by lime, 
protoxide of manganese, and protoxide of iron, and a portion of the 
alumina by the sesquioxide of iron, manganese, or chromium. The 
mica also contains small variable quantities of metallic fluorides and of 
water; but it has not been ascertained whether these substances are essen- 
tial constituents of the mineral or merely accidental admixtures. The 
following calculations of a few analyses are given in confirmation of the 
above formula, 


H. Rose. 
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H, Rose. Svanberg, — 
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The numbers marked with an asterisk signify Mn’O* in Rose’s 
analyses, and MnO in those of Svanberg,— In Fuchsite or Chrome- 
mica a portion of the alumina is replaced by sesquioxide of chromium. 
{ Schaffhautl gives for Fuchsite the formula 38(3KO, Si0*) + 2(38Na0, 
Si0®) + 360(A1203, Si0*) +24(Cr’0%, 38i0*) +18(MgO, 810°) + 12(Fe’G?, 
380°) + 9Cak?; and for chrome-mica 4(KO, 8i0”) + NaQ,Si0°+ 4(2AV-0%, 
seh +20r0%, 3810? +7(2MgQ, SiO?) +21c?0*, 88i0°+ 3M*0%, gSi0°+ 
8HO. 

Schaffhiutl (Ann. Pharm. 46, 325) describes Fuchsite as being found 
in compact, scaly, and likewise regular slaty masses, frequently accompa- 
nied by pure quartz. Specific gravity = 2°86; hardness between gypsum 
and rock salt; colour emerald green, passing into dull yellow. With 
soda before the blowpipe it swells up and fuses to a yellowish-brown glo- 
bular slag, which, after continued exposure to the flame, acquires a dull 
green colour, and is slightly affected by the magnet. In borax it is dis- 
solved slowly, forming a clear bead, which is yellow while hot (from the 
presence of ferric oxide), but when cold assumes a fine yellowish-green 
colour due to the chromium. Microcosmiec salt dissolves the mineral 
readily, forming a bluish-green glass when cold. It resists the action of all 
acids excepting the hydrofluoric. Chrome-mica closely resembles uniaxial 
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magnesia-mica, but has a duller green colour; it is easily bent between 
the fingers like chlorite, and is friable in small pieces; specific gravity 
=2'75 at 4°. Before the blowpipe it fuses only when in very thin scales; 
larger pieces are merely rounded at the edges. With borax and micro- 
cosmic salt it yields a beautiful emerald-green bead; it is perféctly decom- 
posed by acids, especially by hydrochloric acid. 


Schaffhiutl has likewise examined the following minerals, which are 
allied to biaxial mica: 


Paragonite (Tale-slate, Hardened Tale, Mica-slate).—24(Al’0?, Si0*) 
+ 9(NaO, Si0*) + (Fe’0*, 38i0*). Specific gravity = 2°78 at 4°. Some- 
what harder than rock-salt; easily scraped with a knife; of a yellowish’ 
and greyish-white colour; glittering; translucent at the corners; slightly 
unctuous to the touch. Does not change in the blowpipe flame. Borax 
dissolves it, forming a clear glass. With microcosmic salt it leaves 
an opaque skeleton of silica. Solution of cobalt colours it blue, It is 
not acted on by acids. 

. .Margarodite. (Margapite, Hardened Tale.) —12(3Al0°, 28i0%)+ - 
3(MgO, 28i0*) + Fe*0*, 3810* + 6(NaO, SiO*)+9(KO,Si0%). Dull green, 
passing into bright green; rarely occurring in fine-grained lamina, in 
which case it much resembles mica. Specific gravity = 2°87; hardness 
between rock-salt and cale-spar; easily pulverized; slightly translucent at 
the edges. It has sometimes an opalescent, sometimes a mother-of-pearl 
lustre. In fine lamine it fuses before the blowpipe, emitting a vivid 
light and yielding a white enamel. With borax it yields a colourless 
glass. Microcosmic salt dissolves it in a similar manner, with separation 
of silica. Solution of cobalt partially colours it faint blue. Acids have 
no perceptible action on it. Margarodite forms the matrix of the 
black tourmaline from the Zillerthal, and was probably regarded as 
ordinary talc. é‘ 

Nephrite.—-[21(2Mg0, Si0*) +3(Ca0, 28i0°), 4(KO, Si0*)]+[AP’0%, 
6Si0* + FeO, 6Si0*+4(Mn*O*, 28i0*)|.—Dense, with dull splintered 
fracture; appears of a dirty yellowish-green colour by transmitted 
light, Takes a very good polish and scratches glass, Very difficult 
to break. Specific grayity 2:96 at 4°, (Schaffhautl, Ann. Pharm. 
46, 325.) 

Baulite-—Described by Forchhammer as occurring, mixed with quartz, 

on the Baula Mountain in Iceland. According to the same authority it 
is the hydrate of an unknown felspar, in which the quantity of oxygen in 
the bases MO is to that of the alumina and silica as 1:3:18 or1:3: 20. 
' Crystalline system: the oblique prismatic; cleavage indistinct ; fracture 
uneven, inclining to the conchoidal; hardness between 5°5 and 6. 
Specific gravity 2°656 at 6° Trausparent and colourless, sometimes 
translucent, and with a glassy lustre. Yields colourless glasses with 
borax and microcosmic salt; in the latter case, a skeleton of silica is 
separated. The mineral is insoluble in hydrochloric acid. 
__ Phillipsite—Found near Marburg. White passing into yellow, and 
of glassy lustre. Frequently occurs in intersecting macle-crystals com- 
posed of an oblique prism, and a regular octohedron, (Genth, Ann. 
Pharm. 66, 270.) 
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Schaffhiutl. Forchhammer, Genth. 


Paragonite. Margarodite.  Nephrite. — Baulite. Phillipsite. 
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n. One atom of stronger base with 4 atoms of alumina. 


. Many varieties of Agalmatolite appear to consist of KO, 38Si0?+ 
4(A1?0°, 2Si0”) +3Aq.; the potash being partially replaced by lime. 
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D. Compounps OF DOUBLE SILICATE OF ALUMINA AND ANOTHER 
BASE WITH CARBONATES, BoRATES, OR SULPHATES, OR WITH METALLIC 
SULPHIDES, CHLORIDES, OR FLUORIDES. 


a. Combinations with Carbonates. 


Cancrinite.—According to Breithaupt this mineral is identical with 
Davyne.—5NaO, 5AVPO%, 11810", 2(CaO, CO”) = one atom of Elaeolite + 
© atoms of carbonate of lime.—Dense; cleavage parallel to the faces of a 
regular six-sided prism. Specific gravity = 2-453. Before the blowpipe 
it gives a white, blistered glass. Dissolves in hydrochloric acid with 
violent effervescence and formation of a jelly. (G. Rose.) 

4 Whitney (Pogg. 70, 448) gives the following particulars relating 
to the cancrinite obtained from Litchfield, in the State of Maine, U.S. 
Hardness 5:5 to 6. Specific gravity = 2°448; lemon-yellow or sulphur- 
yellow sometimes also greenish; of a vitreous lustre at the fractured 
surfaces, and of an unctuous appearance in the other parts; transparent or 
translucent. When heated it gives off water, and instantly loses its colour; 
at a red heat it becomes white and opaque. Before the blowpipe it fuses 
with considerable effervescence, and yields a transparent, colourless, and 
blistered glass. With soda it yields an opaque bead coloured by man- 
ganese. Borax and microcosmic salt dissolve it; in the former case a 
transparent glass is produced; in the latter a glass which becomes milky 
when cold. With solution of cobalt it gives a splendid blue colour. 

Amphilogite or Didrimite.—(Tale-slate.)—12(CaO, CO?) + 5(2A1?0*, 
Si0°) + 4(Fe?0, 38i0°)+ 6(KO, Si0*)+ Na, Si0%, or (silica = $i0*), 
24(CaO, CO*) + 5(4AP0%, 3810”) + 4(2Fe*O*, 98i0*) + 6(2KO, 3S8i0”) + 
2Na0, SiO. From the Zillerthal in the Tyrol. Crystalline; of delicate, 
scaly texture; slaty when in large masses. Specific gravity = 2°75 at 4°, 
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‘Scarcely harder than gypsum; easily scratched by the nail; very friable, 
and unctuous to the touch when pulverized. Colour greenish white ; 
lustre somewhat like that of mother-of-pearl; translucent at the edges. 
A small fragment fuses before the blowpipe with vivid light and yields 
a white, enamel-like bead. Borax dissolves it with difficulty, forming 
a clear glass, which is yellowish while hot, from the presence of iron. 
With microcosmic salt it effervesces and then dissolves, leaving, how- 
ever, a skeleton of silica. Solution of cobalt imparts a fine blue colour 
to it. Effervesces strongly with hydrochloric acid. (Schaffhautl, Ann. 
Pharm. 46, 825.) 


Whitney. G. Rose. Schaffhautl. 
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b. Combinations with Borates. 


a. Axinite—6(Ca0; MgO; MnO; FeO), 2(Fe’0*; Al’0*), 8Si0?, 1B0° 
= 4[(CaO; MgO; MnO; FeO), Si0*] +2[(Fe*0*; Al’O?), 2Si0*] +(2Ca0, 
BO*).—Crystalline system the doubly oblique prismatic. fig. 124, 125, 
and other forms; y:v = 135°; y : wu = 186°14; viu= 116 54! 
(Hauy.) Specific gravity = 3294; harder than felspar. When fused 
in a crucible it does not lose weight, but its specific gravity is reduced 
from 3°294 to 2°815. (Rammelsberg.)—Swells up before the blowpipe, 
and fuses to a dark-green glass, which becomes black in the outer flame, 
in consequence of the manganese passing to a higher degree of oxida- 
tion. Dissolves readily in borax, forming a glass which is coloured by 
iron, but takes an amethyst colour in the outer flame; with microcosmic 
salt, the same colour is produced and an insoluble skeleton of silica 
separated. With carbonate of soda it first becomes green and then fuses 
to a black glass, having almost a metallic lustre, (Berzelius.) Mixed 
with fluorspar and bisulphate of potash, it colours the blowpipe flame 
green. (Turner.) In the native state it almost wholly resists the action of 
acids; but after fusion and pulverization, it is perfectly decomposed, with 


formation of a jelly. (Rammelsberg.) 


Rammelsberg. 
At. Axinite. Dauphiné. Harz. Ural. 
BOEI® secsetdessse Fae cake 0°64 
BPAY cosets cats cs Rae Ads 0% BOTR BOE hac 18°90 es 108 
MgO ...... AR 40°0 PVG. Be ETA: la8 ae we iis 
Mn0O ........ amt tah 73°2 ae Mn?0? 3:05) ww Gals 
[8 See As). 140°8 ; 
Fe?O3 ,,...... Dias 78°4 O°S07 saat QA seas 11-94 LAR ee 
Ot SEO PIRSA > (DOG: on, | SO OG. ors 
ee Oe hese 43°74 43°72 
S10 ete iss 992°0 43°67 ... 43°68 a ah tes ce 
BOS 0... r AE 139°2 6°13 nas 5°61 cat nace 


Lou. 22714 100700 4, 10045 ae 100°00 100°00 


ss eta Sa 
454 Seis 5 1F) (0) 410..0) 


" Rammelsberg estimates the whole of the manganese and iron contained — 
in axinite as sesquioxides; but the behaviour of the mineral before the 
blowpipe is opposed to this assumption. 


g. Tourmaline, Schérl. — Primary form, an obtuse rhombohedron, 
Fig, 441, 7% : 7? = 183° 28°; three, six, and nine-sided prisms’ with the 
faces of different thombohedrons, the P-face and others also” having 
unsymmetrical terminations; cleavage parallel to 7; sp. gr. front 3:0 to 
3:3; softer than quartz. Exhibits every degree of transparency, from 
perfect clearness to complete opacity, and is also variously coloured. 
Swells up before the blowpipe, and fuses to a slag when the flame is 
strongly urged; the variety called Apyrite, however, does not tuse. 
When finely divided tourmaline is boiled with oil of vitriol and the _ 
residue digested with alcohol, the alcohol dissolves out boracic acid and 
burns with a green flame; hydrochloric acid is far from effecting complete 
decomposition. 


| 


a = ee 


a. Soda-tourmaline, Ordinary Schérl.—Green or black. The three 
analyses made by C. Gmelin cannot be reduced to a common formula, 


e 


The simplest that can be reduced to calculation are: 


NaO APO38 SiO? - BO? - 
Green tourmaline from Chesterfield ...... S.* ctw BS Greil. 12-2248: 1 
Black from Bovey............sces-ssceeeeees ER cote Bet eee l2serte: 1 
Black from Ejibenstock,....: bFa aaa ence S ONibiay: «Oo © eo ieee 12.¥Fs. 498 1 


NaO is partially replaced by KO,Ca0, MgO, MnO, and FeO; and 
AL?0® by Fe’0*. The analysis of the Chesterfield tourmaline is given as 
an example. Si A NTS or: 


Cs Gmelin. ; ; 
At. Soda-tourmaline. Chesterfield. Bovey: Hibénstock. 
Nein Ova 187°2 490° si 4°08. ae, 2:09 we 3°27 
CaO acini FYYY; zit weal 0°55 oan 0:86 
WMaGw sane oe od 106°8 2°85 .. 2°88 &MgO 1°13 
FeO ..ccseseees : eee 105°6 2°81 ' PP ris £55k Se. 
HEO! agai gogy iw TB ae 17°86 ro 
AAPOR isi 99 Ona” 14906 99-49 3=.., 3961 aa 3550 a 38°23 
SiOP cscs 49 ese 24880) = 89°6B as 8880 ts 85 2O en. 8805 
Ee: ne tere Aha 139°2 54! eh C888 6 om AVL i. (1°89 
ss by ig- rr if 
fection ; 0-78 ua ee | 
1 .«. 37626 10000 .. 98°33 -1. 96°44 4.4 °101°51 


The Bovey tourmaline consists of: 2Na0,1Ca0, 1Mg0, 14FeO, 
(total 18),—2}'e*0®, 22 Al?O3 (total 24),368i0*4Bo*; that from Hiben- 
stock, of: 3Na0, 21FeO (total 24),—24Al’0*,—368i0°—3BO°. 


b. Tourmaline richer in magnesia, has sometimes the same, and 
sometimes very similar formulee : . : 


MgO — APO Sio? ss BO 


A brown variety from St. Gothard, and & \ 4 . i2 i 
black variety:from Greenland .........9°. 0:0 se ee 

A black variety. from Karingsbricka and 
Rabenstein as.....ecceccetdvecdeeescecees } ee 1 Bo erie V2 scoene : 


. The MgO is partially. replaced by KO, NaO, CaO, MnO, and FeO, 
and the A?O* by Fe’0*, — ease 


TOURMALINE. A455 
The following caleulations are added in confirmation of the formula. 
C. Gmelin. 


At. Magnesia-tourmaline. Greenland. St. Gothard. 

{ere siti ais 0'22 ate 1:20 
Ma iniwcinh yt, 4. sae 124°8 3°45. ia «B13 Ca —s«O0- 98 
MgO a... pi ee atid 240°0 6'63 aT, 5°86 aate 5°99 
ma taseet ae ott RGB ss 111 

€O ccs: tig 
FeO? oiiis.is ao 8 235'°2 6‘50 i ie ie a 77 
APO? cutee 29 sae 1390°6 88°44 wii =» «37°40 aia 31°61 
SiO? wisi 48 sas 1488°0 41°13 nue = 8°79 tia 37°81 
4 rt ataicacee A iti 139°2 3°85 seg 3°63 saad 4°18 

oss by ig- saa ; 

nition J AMBER 


Wo 5 is 3617°8 100°00 wa «=—«: 96°49 size 90°89 


C. Gmelin. 
Ats Magnesia=tourmaline. Raberntein. Kiiringsbricka. 

1.19 Met bait : biti 0‘48 9:68 
NaQiiiisiiceas 8 vn 93°6 2°30 its Lf 
MgO sess 9 oi 180°0 4:42 ow 4°68 sss 10°98 
MnO ins Bs aia 71:2 W795 sutt 1:39 CaO 0:25 
FeO oo... 10 352°0 8°63 Be 
FeEO8 i... Sere 313°6 7 bor iinanbad abe. stirs i 
APO? a3... Bo ite 1439°2 35°30 $308 34°75 bits 33°46 
BiOF Aoiitei iss ee 1488°0 0s («3650s AS nas B87 *OB 
BOP esau euro 139°2 3°41 asad 4°02 ve 3°83 
Loss by ig- : 

nition i ra be Bie: ows 


Lorem 4076°8  100°00 ae :100°49 pte 98°11 


The tourmaline of Kiringsbricka consists of about: 2NaO, 16MgO 
(total 18),—4Fe*0*, 20AlO° (total 24),—36510",=3BO". 


c, Lithia-tourmaline, Apyrite, Rubellite, SiberiteThe analyses of 


this mineral likewise yield very indefinite formulw. : 
€. Gmelin. 

Perm. Brazil. Rozna. 
NO iinisine 1-29 ht gy) OP SE 
BAGS Alsntins ssh we Rh oa { dd 
OO renee ce ‘uae siti 1°20 
Mn?03 ,..3...3 5°02 tie 2°14 tics 6°32 
FeO3 wis i, 5°96 
APO? i... 44°00 ctl 40°00 cue 36°43 
BIO scseseecites 39°37 Pret 39°16 un 42°13 
BOP ioiscsisdic 4°18 see 4°59 ati 5°74 
Loss by a, the one Us ee 1-31 

rae nition 


97°96 wel 97°02 Riis 97°58 


The tourmaline of Perm is composed of about: 1KO, 6LiO, 5MnO 
(total 12),—32A1?0?,—488i0?,—4BO° = 3 : 8:12: 13 

That from the Brazils: 1KO, 1LiO, 1Mn9O, 1FeO (total 4),—1Fe*0°, 
15A10? (total 16),—24Si0*,—2BO*° = 2:8: ae 

That of Roma: 1KO, 3Li0, 1CaO, 3Mn0 (total 8),—12A1’0*,— 
94Si0?,2B0?=4:6:12:1. This formula is distinguished from all 
the others by containing only 6 atoms of Al’Q*, instead of 8 atoms in 
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combination with 12 atoms of SiO?. Generally speaking, all the formulas 
given for tourmaline must be regarded as merely approximative. 


c. Combinations with Sulphates. . 


The sulphate which occurs in this class of minerals is probably 
sulphate of lime, or perhaps also a kind of alum. They likewise con- 
tain a small quantity of some metallic sulphide, which generally gives 
them a blue colour. But whether this substance is sulphide of iron or 
sulphide of aluminum, or double sulphide of aluminum and iron, or 
double sulphide of iron and sodium, &c. has not yet been determined ; 
we only know that on the addition of an acid, sulphuretted hydrogen is 
evolved and the mineral becomes colourless. All the minerals enume- 
rated under this head probably belong to one species, whose primary 
form is a rhombic dodecahedron. 

a. Ittnerite.— Cleavage indistinct, parallel to the faces of a rhombic 
dodecahedron, Sp. gr. 2°3; harder than apatite. Grey. (Breithaupt.) 
When gently heated it becomes covered with blue spots like stars. 
Swells up strongly before the blowpipe, and readily fuses, with evolution 
of sulphurous acid, to a blistered enamel. With borax and microcosmic 
salt, it yields a transparent glass, in the latter case containing a skeleton 
of silica. Boiling water dissolves out sulphate of lime. The mineral 
dissolves in hydrochloric acid, with evolution of sulphuretted hydrogen 
gas and formation of a siliceous jelly. (C. Gmelin.) 


At. Itinerite. C. Gmelin, 
BO tinaare de eas 47°2 1°70 sts tay 
NaOi ese a0 ee 312°0 11°28 ose 11°29 
Cad saint Oo de 140°0 5°06 vite 5°26 
Fe?0* ........ ven er 0°62 
Re! ac tek TG 5 tas was 822°4 29°72 Oke 28°40 
SSO 2 con geet iba of Meare 992°0 35°85 asia 34°02 
CaO, SO%.... site 136°0 4°92 ont 4°89 
NaCl eee: Baas 29°3 1:06 ake 1°62 
Seri st te ct ee ne 

lL.  2766°9 100-00 98-43 


Omitting the chloride of sodium: 8(KO; NaO; CaO), 8AI?03, 16Si02 
+ 16Aq + CaO, SO® + 8[ (KO; NaO ; CaO), SiO? + AP’O%, Si0?] +16Aq 
+Ca0, SO? + xFeS (2). 

B. Noseane, Nosine, Spinellane.—Occurs in rhombic dodecahedrons ; 
cleavage indistinct, parallel to the faces of that solid. Sp. gr. = 2-28; 
harder than apatite. Grey or brown. Becomes colourless when heated, 
and fuses to a blistered glass. Decomposed by hydrochloric acid, with 
evolution of sulphuretied hydrogen and formation of gelatinous silica. 


At. Noseane. Varrentrapp. Bergemann. 

NaQsicasaei ee ae 62°4 18°95 cud) 17°84 GALE 16 6 eee ae 
ROB) tei tenteed tee wns DZ ene, Cd Ae & 
MOY isch vers see aca . 1°00) Soe O00 
FeO... coisies eee vane 0°05. 4... 5, 1S eee eke 
APO$ sevenven hve 102°8 D123 Ge 32°57 oe 0 ee eee on 
POs cette cate ay Se aeies 124°0 SP6T enc) 35°99 Oe eee ee 
of gen ae ae 1 esa? 40°0 iat are 9°17. cian kOe ee ee 
1348 Sa ee seen see 1°85 

Re eatheientnetse eavk dove wa: 1282. ie 
Bi AOA oan Se ire on 0°65 
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LAPIS-LAZULI, ULTRAMARINE. 457. 
1(Na0; CaO), 2AT20?, 48i0?, 1(NaO ; CaO), SO? (?).. The above ana 


lyses cannot be reduced to exact calculation. 

3. Soda-hauyne.—The same crystalline form. Sp. gr. = 2°47. Light 
blue. Before the -blowpipe and with hydrochloric acid, it behaves like 
noseane. 

Potash-hauyne.— Of similar character. 

The analyses hitherto made of hauyne admit only of approximate 
calculation. 


Varrentrapp. 

. At. Soda-hauyne.* Niedermennig. 
rs Ree ai se Gadi ADEs wich nas BID 
AO 6 Ee Die. coax 84°0 12°35 ar 12°55 
POF icoecs gre 205°6 30°23 ae 27°42 
TAS cselvtignese 1 tens 248°0 36°47 i 35°01 
0 eee We fe 80°0 11°77 a 12°60 
MT edseiatisers cuss vt vets 0°24 
1) en a bith fies 0°58 
gO aa hi ‘is 1°72 
‘2 Re DoF iets a 0°62 
Wi; sk. 680°0  100°00 Yack 99°86 


Lapis-lazuli contains the same substances as soda-hauyne, but in dif 
ferent proportions. 

From the lapis-lazuli, Vatwral Ultramarine is prepared by slightly. 
igniting the mineral, slaking the mass in water, reducing it to fine 
powder, and mixing the powder with a melted resinous mass, called pas- 
tello (composed of linseed oil, wax, and resin), and kneading the whole 
well with cold water. Ultramarine is then deposited, having a deep blue 
colour at first, but afterwards a lighter colour. The iron pyrites and 
other impurities in the lapis-lazuli are retained by the resin. The other- 
wise very durable colour is destroyed by acids, with evolution of sulphu- 
retted hydrogen gas. Ultramarine remains unaltered when boiled with 
baryta-water. Hydrogen gas passed over ignited ultramarine, colours it 
light red, from formation of liver of sulphur, hydrosulphurie acid gas 
and water being evolved at the same time. 

Artificial Ultramarine.—1. A solution of caustic soda is saturated 
with precipitated silica. Alum freed by recrystallization from the 
greater part of the iron which it contains, is precipitated by carbonate 
of soda, and the hydrate, after being washed, is dried till the water 
which it retains amounts to 90 per cent. It is then added to the silicate 
of soda in such proportions, that 26 parts of anhydrous alumina shall be 
present for every 31 parts of anhydrous silica (with 14 to 33 parts of 
alumina to the 81 parts of silica, a beautiful blue is still obtained), 
The mixture is evaporated to dryness, with constant stirring, and the 
mass thus obtained is reduced to fine powder and mixed with flowers of 
sulphur: this is mixture a. On the other hand, dry carbonate of soda 
and flowers of sulphur are mixed in equal quantities: this gives mixture 


* Whitney (Pogg. 70, 443) gives the following comparative view of the formula 
for sodalite (p. 461), noseane, hauyne from the Albany mountains, and hauyne from 
Niedermennig (Silica = SiO*). 

BOCA IN chats aaa vara tdaneeben eke 5 .  8NaO, SiO? + (3A0%, SiO*) + NaCl. 
A ORRIN fos aa tac reese was nese Sabt antes 3Na0, SiO? + 3(APO%, SiO*) + NaO, SO. 
Hauyne from the Albany mountains 3NaO, SiO? + 3(APO%, SiO%) + 2CaO, SO%, 

: ' 3NaO, SiO? + 3(APO%, SiO*) + NaO, SO8. 
Hauyne from Niedermennig. .......... { 2[3Na0, SiO? + (3AP0, SiO%) + 2(CaO, SO5)]. 
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b.—Oné part of mixture a is then intimately blended with one part of 
mixture 6, and the powder closely pressed into an earthen crucible, so 
as to fill it completely.. The crucible is then closed with a tight fitting 
cover, heated as rapidly as possible to a strong red heat by surrounding 
it with red-hot coals, and kept at that temperature for two hours. If 
the heat is raised too slowly, no liver of sulphur is formed, and the 
resulting mass is white, because most of the sulphur is volatilized; by a 
second ignition with carbonate of soda and sulphur, it may, however, be 
made to yield good ultramarine. After a successful ignition, the mass 
exhibits a greenish-yellow colour. It must now be gently ignited, with 
slight exposure to the air: ¢. g. ina covered porous crucible in which holes 
are made with a knitting needle. The blue mass thus obtained is 
reduced to powder, boiled with water, and well washed. (C. Gmelin, 
Schw. 54, 360.) , | ree = 

2, A mixture of equal parts of precipitated silica, carbonate of soda, 
and sulphur (all dry), is mixed with a quantity of solution of soda 
sufficient to dissolve the silica, the mixture pressed down into a cru- 
cible, which is rapidly heated to ignition, and kept at a strong red heat 
for an hour. ‘The result is a bluish green mass, which, after subse- 
quent roasting, assumes a beautiful blue colour. - Porcelain clay from St. 
Yrieux, used instead of alumina in the second method, yields a less 
beautiful blue, because it contains iron; pipe-clay, a still less beautiful 
colour, because it contains a still larger amount of iron. (C. Gmelin.) 

3. A mixture of 2 parts of porcelain clay, 8 parts of sulphur, and 
3 parts of dry carbonate of soda, is gradually heated in a coated earthenware 
retort till it ceases to give off vapours; the retort is broken to pieces as, 
soon as it is ¢old, and the green porous mass washed with water. The 
remaining blue powder is again heated to redness to expel the excess of 
sulphur. (Robiquet, Ann. Pharm. 10, 91.) : ' 

4, 1075 parts of crystallized carbonate of soda are fused in their own 
water of crystallization, and the fused mass mixed by stirring, first with 
5 parts of red sulphide of arsenic—then with a quantity of hydrate of 
alumina, prepared from alum by precipitation with carbonate of soda, 
and containing 7 parts of anhydrous alumina—and lastly with a mixture 
of 100 parts of sifted clay and 221 parts of flowers of sulphur. The mass, 
after being intimately mixed and evaporated to dryness, is introduced 
into a crucible provided with a good cover, and gently heated at first, in 
order to expel the remaining traces of water, the temperature being after- 
wards raised to full redness. The mass should cake together without 
fusing. If the materials have not been properly mixed, the mass exhibits _ 
white spots; and if it has been fused, it is studded with brown spots. 
After cooling, it is roasted in order to expel the greater part of the sul- 
phur; then reduced to powder and washed slightly on a filter with cold 
water. ‘The bluish-green powder thus obtained, is again roasted for 
an hour or two, with occasional stirring, in covered basins, at a tem- 
perature never rising above low redness. (Tiremon, Compt. rend. 14, 
761; also J. pr. Chem. 26, 314.) 

A very small quantity of iron, such as is usually contained in the 
ingredients, is essential to the production of the colour, but excess is 
injurious. (Elsner, J. pr. Chem. 24, 384.) A mixture of one part of 
clay perfectly free from iron with one part of sulphur and 2 parts of 
anhydrous carbonate of soda, yields a yellowish mass when ignited ; but 
if a trace of sulphate of iron is added to the mixture, a mass is obtained 
which is black, green, or blue, according to the degree of heat to which 
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it has been subjected. (Kressler, J. p7. Chem. 26,106.) When potash i8 
used instead of soda, the blue colour is not obtained. (C. Gmelin.) 

Artificial ultramarine has a shade of green or grey, whereas the 
native compound inclines to a reddish tint. It sustains a low red heat 
without undergoing any change. When strongly ignited for a long time, 
it becomes dingy blue, and at last white. It is also decolorized by igni- 
tion in an atmosphere of hydrogen gas. (Elsner.) Hydrochloric acid 
destroys its colour, the change being attended with evolution of sulphu- 
retted hydrogen and formation of a siliceous jelly. The silica after 
washing, contains, according to Elsner and Rammelsberg, a portion of 
sulphur mixed with it; whence it would appear, that a polysulphide of 
sodium (with sulphide of iron) is contained in ultramarine. | | 
“<< Green ulitramarine appears to consist of artificial ultramarine which 
has not been roasted. When heated to redness, it becomes yellow, and 
afterwards, on cooling, greenish blue. (Hlsner.) 

7 5. Brunner (Pogg. 67, 541) recommends the following process: 
an intimate mixture is made of 70 parts of silica (he himself uses a 
peculiar sand found near Nengnau in Bern, and containing 94:25 per 
cent. of silica, 3°03 of alumina, 1°61 of lime, and 0‘94 of sesquioxidé 
of iron), 240 parts of burnt alum, 48 of powdered charcoal, 144 of 
flowers of sulphur, and. 240 of anhydrous carbonate of soda, all pre- 
viously reduced to an impalpable powder. The mixture is introduced 
into a hessian crucible, and the cover luted down. The crucible is 
then exposed to a moderate red heat kept as steady as possible for 
an hour and a half, after which it is suffered to cool. When the 
operation is successful, the mass presents a loose, semifused appear- 
ance, and a greenish or reddish-yellow liver of sulphur colour; it 
is also reduced to about two-fifths of its former volume. (If it 
appears solid, fused, browner in colour, and of still smaller bulk, we may 
conclude that the temperature has been raised too high.) The mass, 
which is readily detached from the crucible, is put into a dish and washed 
with either hot or cold water, till the liquid no longer has a sulphurous 
taste. The residual dark greenish-blue powder is then thrown on a 
filter and dried. The dry powder is next mixed with an equal weight of 
sulphur and 12 times its weight of anhydrous carbonate of soda, and 
treated as before. The resulting mass, after washing and drying, is 
once more heated with the same proportions of sulphur and carbonate of 
soda, the product boiled for some time with water, and then thrown on a 
filter and washed with cold water, till the liquid which passes through 
ceases to affect acetate of lead. The powder after drying is passed 
through a fine sieve to separate impurities, and then treated in the 
‘following manner. A cast-iron plate or platinum dish is covered with a 
layer of pure sulphur, about one line in depth, and on this about the 
same quantity, or a little more, of the perfectly dry compound is sifted. 
The plate is then carefully heated till the sulphur takes fire, the com- 
pound itself, at the same time, being kept from ignition as much as 
possible. (Or the preparation may be mixed ‘with half its weight of 
sulphur and cautiously heated as before.) This process is repeated three 
or four times, the residue .on each. occasion being detached from: the 
plate and reduced to powder. The operation ig repeated till a. satisfac- 
tory colour is obtained. 4 

Brunner is of opinion (1), that the presence of lime is accidental 
only, and of little consequence in the preparation of ultramarine ;—(2), 
that the iron likewise plays but an unimportant part; since he has suc- 
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ceeded in preparing ultramarine with materials perfectly free from this 
metal; and (3), that the blue colour is dependent upon the soda, inasmuch 
as potash yields an analogous compound which is perfectly white, If 
the burning process with sulphur and carbonate of soda be continued after 
the compound has attained its finest colour, a point is reached at which it 
ceases to increase in weight; but ifit be then heated without the addition of 
sulphur, an increase in weight is again observed, and a mass obtained 
having a paler blue colour with a tinge of black, resembling that of some 
varieties of native ultramarine. The powder at the same time loses its 
soft loose texture, and becomes denser and granular, In thisstate it does 
not evolve hydrosulphuric acid with hydrochloric acid, showing that it 
contains no unoxidized metallic sulphide. 

Priickner adopts the following method. Sulphide of sodium, pre- 
pared by igniting the sulphate with powdered charcoal in a crucible 
or muffle, is dissolved in water; sulphur added to ensure saturation; the 
concentrated solution mixed with 3 per cent. of ferrous sulphate and 25 
per cent, of well-prepared clay as pure as possible; the mixture evapo- 


rated to dryness; and the resulting mass reduced to powder and ignited 


for about an hour in a cupelling furnace. When cold, it is exhausted 


with water, dried, powdered, and once more exposed to heat in the mufile, | 


whereby the desired colour is produced. It is ground down on a stone 
for use. (Prickner, J. pr, Chem. 88, 257.) T 


Natural Ultramarine. Artificial Ultramarine. 
From Nuremberg. 
Clement & Blue. Green. i 
Désormes. C,.Gmelin. Elsner. Varrentrapp, Brunner, 
RO cdintyene me et om +i LL eee 7; 
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FEO 8 3c F 
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S, @, in Elsner’s analyses is sulphur evolved in the form of sulphu- 
retted hydrogen when the mineral is treated with hydrochloric acid; §, 6, 
is sulphur which remained attached to the silica. §, a, forms the largest 
proportion in the green (unroasted) ultramarine; the change from the 
green variety into the blue appears then to depend upon the abstraction 
of iron from the sulphide of iron, or of sodium from the protosulphide of 
sodium by the oxygen of the air and the formation of a sulphide of a 
higher degree of sulphuration, As the sulphur is more than sufficient 
to combine with the iron, sulphide of sodium must also be present, toge- 
ther with sulphide of iron, (Elsner.) | 


1 F. Whrightson (Ann, Pharm. 54, 856) has analysed the two fol- 
lowing silicates containing sulphuric acid, 
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Dolerite. Semi- Opal, of Shiffenberg. 
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a. Combination with Metallic Chlorides. 
1. Sodalite-—3(NaO, Si0?+ Al?03, Si0*)+Na€l. Primary form: a 


rhombic dodecahedron; cleavage parallel to its faces; sp. gr. from 2°29 
to 2°49; hardness equal to that of felspar. Transparent, white, grey, 
blue, &c. Fuses easily before the blowpipe, sometimes tranquiily, some- 
times swelling up and forming a blistered glass. With hydrochloric 
acid it readily yields a siliceous jelly. 


Ekeberg. Arfvedson. Hoffmann. 


At. Sodalite. Greenland. Vesuvius. § Ilmengebirge. 
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2. Porcelain Spar.—4(CaO, Si0?+ Al’?O°, 2Si0?) + NaCl. Or, accord- 
ing to Schaffhiutl 4(Al*0%, Si0*) + 2(CaO SiO*) + (NaO, Si0*) + 1KCl.— 
Rhombic prisms; w' : w=92° (nearly); cleavage parallel to m and ¢. Sp. 
gr. = 2°6. Softerthanfelspar. Transparent and colourless.—Fuses with 
tolerable facility, swelling up and forming a colourless blistered glass. 
Decomposed by strong acids, but without formation of a jelly. (Fuchs.) 


At. Porcelain-spar. Fuchs. Schaffhiutl. 
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e. Combinations with Metallic Fluorides. 


Lithia-mica, Lepidolite.—Six-sided tables with two angles of about 
122°, and four angles of 119°. Easily split into thin elastic lamina, 
with metallic pearly lustre. Specific gravity from 2°8 to 3:0. Softer 
than calecspar. Transparent or translucent; biaxial to polarized light. 
—When heated it evolves water and hydrofluoric acid. Fuses very 
readily, swelling up and forming a glass which is for the most part trans- 
parent and colourless, but brown or black if it contains a larger quantity 
of iron. Colours the blowpipe flame-red, especially on the addition of 
bisulphate of potash. _ Dissolves readily and abundantly in borax, forming 
a transparent glass; dissolves in microcosmic salt, with the exception of 
a skeleton of silica, and forms a glass which becomes opalescent on cool- 


oe ea SILICIUM. 


ing; with carbonate of soda it fuses readily to a clear but somewhat 
blistered glass, In its natural state it is but imperfectly decomposed by 
acids, but after ignition, completely, without forming a siliceous jelly. 
—Lithia-mica contains : 1KO, 2LiO, 3Al0%, 98i0?, 3F—O. From this 
may be deduced the formula : 2(LiO, Si0*) + 3(Al?0%, 28107) + (KF, Sik*). 
The sesquioxides of iron and manganese partly replace the alumina. 


Turner, 
At. Lithia-mica, : 
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a, is Lithia-mica from the Ural;—2, Lepidolite from Utén ; ¢, Lithia- 
mica from Zinnwald;—d, from Mursinsk, in the Ural;—e, a brownish 
yellow variety of unknown origin. | 


Combination of a Silicate with Aluminate of Magnesia.—X anthophyl- 
lite, with which also Seybertite, Holmesite or Chrysophane appear to be 
identical.—1CaO, 2Mg0, 2A1?0*, 18107, 1Aq = 2(MgO,Al’?O*) + CaO, SiO? 
+ Aq.—Occurs in tables which have a plane of cleavage parallel to the 
principal face. Sp. gr. from 3:0 to 8:1, Hardness equal to that of apatite. 


Meitzendorf, Plattner. Clemson. 


At. Aanthophylilite. - a. b. Cc. 
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a, is Xanthophyllite from Siberia; 6, and ¢, Seybertite from Amity in 
the State of New York. 7 : PES Cling thd 
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SILICIUM AND THORINUM. 


SILICATE oF THorINA.—Thorite. Before the blowpipe this mineral 
assumes a brownish red colour without fusing. It is decomposed b 
hydvochlorie acid with formation ofajelly. Contains in 100 parts: KO 0:24, 

a0 0°10, CaO 2°58, MgO 0:36, PbO 0°80; Mn20*2-39, Fe?0*8-40, Al?0*0-06,. 
U*0* 1:61, SnO? 0:01, ThO 57°91, SiO? 18°98, HO 9°50. (Undecomposed 
mineral, 1°70; loss, 0°49.) (Berzelius.) 


SILICIUM AND ZIRCONIUM. 


A. Str1caTE oF Zrrconta.—Zircon, Tyacinth.—2ZrO, Si0*.—Crys- 
talline system the square prismatic. Jig. 29, 30, and other forms. 
é : e=124° 12’; e : g=117° 48’; e : r=181° 49’; cleavage parallel to r: 
(Hauy.) Sp. gr. from 44 to 4°5. Harder than quartz.—Does not fuse 
before the blowpipe, although it loses colour. In a large quantity of 
borax it dissolves with difficulty, and forms a transparent glass; with a 
smaller quantity it forms a turbid glass; does not dissolve to any percep- 
tible extent in microcosmic salt or carbonate of soda. Not decomposed 
by acids—evyen by hydrofluoric acid—hot oil of vitriol, however, acts 
slightly on it. (Berzelius.)—When chlorine gas is passed over an ignited 
mixture of powdered zircon and charcoal, chloride of silicium is alone 
evolved, and the residual mass gives up no zirconia either to water or 
to hydrochloric acid. (Wohler, Pogg. 11, 148.) Zircon may be fused 
with potash, lime, or oxide of lead. 


Berzelius. Klaproth. Vauquelin. 


At. Zircon. Auvergne. Norway. Ceylon. 
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B, FivoRIDeE or Sirictum anp Zrroontum.—White, pearly crystals, 
very soluble in water. The solution becomes turbid on boiling; but the 
greater part of the salt remains dissolyed. (Berzelius.) 


C. SinicaTE oF ZIRCONIA AND PotasH.—One part of powdered zircon 
is ignited for some time with from two to four parts of hydrate of potash in 
a silver crucible, and the cooled mass exhausted with water, which takes 
up the excess of potash, together with a small portion of silica, leaving 
the double silicate of zirconia and potash in the form of an insoluble 
powder. In pure water this salt remains suspended for a considerable 
time, but from water containing potash it is soon deposited. It is perfectly 
soluble in dilute hydrochloric acid. (Chevreul.) If 400 parts of hydrate 
of potash are used to every 100 parts of zircon, the water extracts 5 per 
cent. out of the 33 per cent. of silica contained in the zircon, together 
with the excess of potash; and the washed residue, after ignition, weighs 
125 parts; it therefore contains 30 parts of potash. (Berthier, Ann. 
Chim. Phys. 59, 193.) | 


D. Sizicatr or ZrrconrA AND Limu.—Prepared by fusing a mixture 
of zircon with quartz and marble in various proportions, in a charcoal 
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crucible exposed to the heat of a blast furnace. — By this means the — 


iron in the zircon is reduced.—a. 100 parts of zircon with 234 parts of % 


quartz and 388 parts of marble yield a dense transparent glass surrounded 
with a white stony crust.—d. 100 : 101 : 383; pulverulent, slightly 
baked together.—c. 100 : 267 : 222; imperfectly vitrified, white 
opaque, resembling porcelain.—d. 100 : 834 : 222. Light grey, trans- 
parent glass, with conchoidal fracture.—e. 100 : 167 : 222; merely 
softened; pale grey, with granulated fracture.—/. 100 : 100 : 111; 
perfectly fused, semi-vitreous, dense.—g. 100 : 67 : 111; sometimes 
opaque and stony; sometimes transparent and vitreous, with conchoidal 
fracture and diamond lustre.—h. 100 : 83: 111; white, opaque, with 
_ shining and somewhat laminated fracture.—z. 100 : 16: 111; white 
opaque, dull, and stony. Those of the above mixtures in which the 
lime amounts to less than one-third, are decomposed by acids. (Berthier, 
Ann. Chim. Phys. 59, 190.) ? 


The following minerals, though belonging to this head, do not admit 
of accurate calculation :— | 

Eudialite.—Crystalline system the rhombohedral. Primary form, 
an acute rhombohedron, Fig. 151, 7°: r> = 78° 40’; cleavage parallel to p. 
Specific gravity = 2°89. Harder than apatite. Translucent and of a 
reddish colour. Before the blowpipe it fuses with tolerable facility to a 
greyish-green enamel. Dissolves readily in borax, yielding a glass 
slightly coloured by iron. Easily decomposed by microcosmic salt, the 
skeleton of silica swelling up to such an extent as to destroy the globular 
form of the bead. ‘With carbonate of soda it forms a very refractory 
glass. (Berzelius.) It is completely decomposed by hydrochloric acid 
with formation of a jelly. = 

Oerstedtite.—Crystalline system the square prismatic, with three 
square-based octohedrons and two square prisms; the angles very nearly 
agree with those of zircon. Specific gravity = 3629. Harder than 
apatite. Evolves water when heated. Infusible before the blowpipe. 
With borax or microcosmic salt, it yields a colourless glass. Does not 
dissolye in carbonate of soda. (Forchhammer.) . 


Eudialite. Oerstedtite. 

Stromeyer. Forchhammer. 
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| [For an extensive and interesting arrangement of polymeric-isomor- 
phous minerals, chiefly comprising those of the tale genus, vide Th. 
Scheerer, Pogg. 71, 445; also Berzelius, On the Formation of a Scientific 
System of Mineralogy, Pogg. 71, 456. | 


The discoveries of Ebelmen, relating to the artificial formation 
of minerals, may be appropriately introduced in this place. By fusing 
together a mixture of alumina and magnesia in the same proportions as 
they exist in spinelle—with boracic acid (as a flux)—in the strongest 
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heat of a pottery-furnace, Ebelmen obtained a great number of regular 
octohedrons mixed with dodecahedrons, which were perfectly infusible 
before the blowpipe, and seratched glass. By adding a small quantity of 
chromic oxide or oxide of cobalt, the crystals were obtained of a red or 
blue colour. The specific gravity of the crystals varied from 3°52 to 

3°58. Again, by igniting a mixture of alumina and yttria (or glucina 2), 

in the proportions of Cymophane, with boracie acid, a crystalline mass. is 

obtained which scratches topaz. Alumina may be obtained in the erys- 

talline form, by fusing a mixture of one part of alumina with between 3 

and 4 parts of fused borax. (Compt. rend. 25, 661.) Ina subsequent 

paper, Kbelmen gives the method of proceeding and the proportions as 

follows :—For red spinelle, 6 parts of alumina, 3 parts of magnesia, 6_ 
parts of fused boracic acid, and from ‘10 to ‘15 parts of chromic oxide; 

and for the blue crystals, the same proportions, substituting oxide of 
cobalt for the chromic oxide. The substances, after being weighed out 

separately, are intimately mixed and put into a broad, flat-bottomed dish 

of unglazed porcelain, lined with platinum foil. The dish is then placed 

in a protecting crucible similar to that used in the manufacture of 
porcelain, but smaller; and the whole exposed in a pottery furnace (such 
as that of Sévres), and left there during the regular period of burning. 

(Ann. Chim. Phys. 22, 218.) 


OtHER Compounns oF SrLIcIuM. 


With tin, lead, iron, copper, silver, and platinum, 
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Lowitz. Crell. Ann. 1799, 1, 183. 

Richter. Ueber d. n. Gegenst. d. Chem. 10, 104. 
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ow Synonymes : Menakan, Titan Titane. 


 History.—Oxide of titanium, already made known by Gregor in 1791 
as a new metallic oxide occurring in Menakite, was found also in Rutile 
in 1794 by Klaproth, who more accurately investigated the chemical 
properties of titanium; this metal was still further examined in 1821 by 
H. Rose. | 


' Sources.—As free titanic acid in Rutile and Anatase; as titanic acid 

‘combined with various oxides in Titanite, Titaniferous iron, Berowskite, 
Greenovite, Mosandrite, Euxenite, Aeschinite, Polymignite, Oerstedtite ; 
as fluoride of titanium in Warwickite; as titanic acid or a titanate, in very 
minute quantities and accidentally, in the Quartz of Rabenstein and in 
the Corundum of Piedmont (Fuchs), in many varieties of Mica (Peschier), 
in Chrysoberyl (Segbert), in Acmite (Von Kobell), in Pyrochlore 


(Wohler), and in the clay of Cracow and Freiberg (Kersten), According 


to Brett and Bird (Pogg. 84, 518), hessian crucibles contain from 1 to 30 
per cent. of titanic acid; but Wohler and Schwarzenberg (Pogg. 35, 507), 
Erdmann (J. pr. Chem. 4, 496), and Herberger (Rpeert. 55, 62), could not 
discover any titanium in them. In a similar manner, Marchand (J. pr. 
Chem. 16, 872) refuted the assertion of Rees (Phil. Mag. J. 5, 398, and 
6, 201), who states that the suprarenal glands and the blood of man con- 
tain titanium. 


Preparation.—1. When titaniferous iron ores are fused in iron smelt- 
ing furnaces, the titanium likewise separates in the metallic state, and is 
found in very small cubical crystals, both in the slag and in the iron 
which collects in cavities in the hearth, and is broken up when the stone 
work is renewed. . By dissolving out the iron with boiling hydrochloric 
acid, treating the residue with aqua-regia, then washing away the gra- 
phite, and lastly separating by mechanical means those portions of the 
slag which are left undissolved by hydrochloric acid, the crystals of 
titanium are obtained in a state of purity. The mass may also be 
repeatedly boiled with dilute sulphuric acid, then with aqua-regia to 
dissolve the ferrous silicate, and afterwards washed with water—the 
pieces of carbon being crushed with a cork’and washed away. The 


larger fragments of silica are then to be picked out, and the smaller ones | 


removed by fusion with carbonate of potash and digestion in water; 
the residue is pure titanium. (A. Werner, J. pr. Ohem. 16, 212.) Wol- 
laston discovered these crystals of titanium in the iron-slags of Merthyr 
Tydvil in Wales; they had also been previously found—though their 
real nature was not recognized—in the slags of the iron-works of Low 
Moor in Yorkshire, of Pidding in Derbyshire, of Pontypool in Mon- 
mouthshire, and of Clyde in Scotland. Recently, they have been re-. 
marked by Néggerath (Kastn. Arch. 4, 351), Meyer (Kastn. Arch. 18, 
272), and Hinefeld (Schw. 50, 332), in the slag of the Royal Works of 
Upper Silesia; by Karsten (Pogg. 3, 175) in a Silesian blast-furnace; by 
Walchner (Schw. 41, 80; 44, 47) in the iron on the hearth of a blast- 
furnace at Kandern, in the Oberland of Baden; by Zinken (Pogg. 3, 175) 
in the blast-furnace at Magdesprung in the Hartz; by Laugier (Bull. 
Phil. 1825, 102) in a blast-furnace in the department of the Moselle; and 


by Karl Stumm, in a similar manner; in the blast-furnaces of Fischbach, - 


Bettingen, and Abentheuer near Saarbriicken. The specimen found in a 
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collection by Néggerath (Schw. 65, 385), six ounces in weight, and con- 
sisting of three-fourths of crude titanium to one fourth of pig-iron—_ 
appears likewise to have been obtained from one of these iron-works, 
Blumenau (Ann. Pharm. 67, 122) describes a specimen of titanium 
found in a smelting-furnace at Riibeland in the Hartz, the weight of 
which was at least 80 lbs. 

2. Oxide of titanium is mixed with oil or a small quantity of char- 
coal, and exposed in a covered crucible to the strongest heat of a blast- 
furnace. (Vauquelin, Lampadius, Laugier.) The reduction or at least 
the fusion of the reduced metal is but very imperfectly effected. Faraday 
(Gib. 66, 188) did not succeed in fusing it in a blast-furnace in which 
Hessian crucibles were melted. Berthier exposed a mixture of one part 
of rutile, one part of dry carbonate of soda, one part of sulphur, and 
rather more than one-fifth part of charcoal, in a black-lead crucible lined 
with charcoal, to the strongest heat he could produce, for the space of two 
hours; and obtained a mixture of titanium crystallized in cubes with sul- 
ew of titanium and a compound of titanous oxide and soda. The latter 

€ separated by treating the mass first with water and then with cold 
oil of vitriol, after which he removed the sulphide of titanium by 
elutriation. If the ignition is continued for a shorter time only, the 
product contains a smaller quantity of titanium and a larger quantity of 
the sulphide 

The reduction of the metal in a charcoal crucible is generally accom 
plished in the following manner :— 

For the fusion either an assay crucible (of the form of a cup) is 
used, or an ordinary crucible attached to a support of burnt clay by a 


luting of moist clay. The vessel must be made either of Hessian or 


some other yery refractory clay. Either a thick layer of lamp-black or 
charcoal powder moistened with water, paste, or oil, is pressed round’the 
the bottom and sides of the crucible; or the crucible is filled with atstiff 
paste of charcoal powder and thin clay, and when this paste is dry, a 
cylindrical hole reaching nearly to the bottom is bored in the middlevof ' 
it with a knife: this hole is called the bore. 
The metallic oxide is either introduced into the cavity alone; or it is 
previously made into a thick paste with oil, by which means its volume 
is reduced; or lastly it is mixed with charcoal or lamp-black besides 
the oil. The quantity of charcoal should not amount at most to more 


_ than sufficient to convert half the oxygen of the oxide into carbonic oxide 


(therefore, about 3 parts of charcoal to every 8 parts of oxygen in the 
oxide); for since the sides of the charcoal crucible likewise absorb 
oxygen from the metallic oxide, a portion of combined charcoal may 
remain in the mixture, and by its intervention prevent the reduced metal 
from uniting into a solid mass—the regulus or button. The reduction is, 
however, more rapidly effected with a moderate addition of charcoal than 
when the lined crucible is alone employed. Formerly a flux was added 
to the oxide of titanium, such as borax, glass, &c. This addition cer- 
tainly facilitates the union of the reduced metal into a button, but at 
the same time may cause it to be contaminated with sodium, silicium, &c. 
After the oxide of titanium has been strongly compressed into the bore, 
the upper part of the crucible is filled with powdered charcoal or lamp- 
black closely pressed down, and the cover luted on with clay. It is then 
placed in a blast-furnace,—Seftstrom’s for instance (Pogg. 15, 612) or 
Mohr’s (Ann. Pharm. 27, 229); heated to redness very gradually, so as 


to preyent cracking; and afterwards kept at a white heat for half an hour 
: 2H 2 
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or more; fresh fuel, consisting either of small pieces of charcoal or of — 
coke*being frequently added—so that the crucible may be constantly sur- 
rounded with ignited material—and the fire frequently stirred with a 
poker, lest an empty space should be formed in the furnace and cause the 
crucible to fall over. The fire is then allowed to burn down without 
stopping the blast, till the crucible can be laid hold of with the tongs. 
The blowing is then discontinued, and the crucible carefully taken out 
before the slag by which it is attached to the furnace has had time to 
solidify; it is then left to cool slowly. 

3. When a mixture of potassium and anhydrous fluoride of titanium 
and potassium is heated, the titanium is set free with vivid incandescence; 
the fluoride of potassium may then be removed by digestion in water. 
(Berzelius. ) 

4, When chloride of titanium and ammonium is sublimed in a glass ~ 
tube or flask, the titanium remains behind in thin scales. (H. Rose.) 
‘Liebig (Pogg. 21, 259) half fills a glass tube three feet long and half an 
inch in diameter, quite loosely with the double chloride of titanium and 
ammonium; lays it horizontally in a furnace; passes a continuous current of 
ammoniacal gas through it; then heats the empty part first; and gradually 
extends the fire to the other extremity. till the glass becomes soft. The 
colder end of the tube is kept free from the condensed chloride of ammo- 
nium, which might otherwise stop it up, by means of a small glass rod. 
The titanium. is completely reduced, but must not be removed from the 
tube till the whole has become cold, as otherwise it will take fire. 

5. A mixture of sodium and ammonio-chloride of titanium is 
rubbed to powder during winter in an agate mortar, but without strong 
pressure. Should any part of it take fire, the combustion may be pre- 
vented from extending by~covering the burning portion with a fresh 
quantity of the ammonio-chloride. The mixture is then introduced as 
quickly as possible into a capacious, long-necked glass flask; the stopper ~ 
—through which a glass tube bent at right angles passes—immediately ~ 
inserted, and heat applied by means of an argand spirit-lamp. Reduction 
takes place, accompanied by a violet light and formation of a slight 
cloud of metallic titanium, a portion of which is projected from the 
vessel. Part of the ammonio-chloride of titanium likewise sublimes in 
its original state. The mass when cold is treated with water contain- 
ing hydrochloric acid, and the black titanium-powder is thrown. on a 
filter and washed with water, to which a constantly decreasing proportion 
of hydrochloric acid is added. If pure water is used, the finely divided 
metal passes through the filter. (H. Rose.) 

Clarke states that he has obtained from oxide of titanium before the © 
oxy-hydrogen blowpipe, a silver-white metallic globule. 


Properties. Titanium, as obtained by the first method, has the form 
of very small cubes, whose faces often exhibit step-like indentations. 
(Wollaston.) Cleavage parallel to the faces of the cube (W. Phillips), 
and likewise to those of a rhombic dodecahedron (Walchner); parallel to 
the faces of an octohedron, and less distinctly parallel to those of the 
cube (Néggerath). Specific gravity = 5:28 (Karsten); 5°3 (Wollaston). 
Scratches steel and rock-crystal. (Wollaston.) Very brittle. Of a yel- 


lowish copper colour and high metallic lustre. (Wollaston.) Difficult to -— 


powder; when pounded it exhibits a reddish yellow colour. (Walchner.) 
Fuses only at the most intense white heat. Zinken’s statement (Pogg. 28, 
160), that titanium is yolatilized at the heat of a powerful blast-furnace, 
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requires confirmation. ‘Titanium is a very good conductor of électricity; 
when it retains a trace of iron, it is slightly magnetic, but not otherwise, 
(Wollaston.) Titanium prepared by the second method is generally pulve- 
rulent; according to Vauquelin and Lampadius, it is copper-coloured, but 
according to Laugier, golden yellow; Berthier obtained it in copper- 
coloured cubes.—That prepared by the third method has the form of a 
black powder, which under the burnishing steel assumes the metallic 
lustre. (Berzelius.)—Titanium, as obtained by the fourth method, has the 
form of a dark violet-blue powder, or of cohering scales exhibiting a cop- 
pery lustre. (Liebig.) That portion of the metal which adheres in a fine 
film to the glass, reflects light of a red colour and transmits it green. (H. 
Rose.)—The titanium prepared by the fifth method takes the form of a bluish 
black powder, which by pressure acquires metallic lustre and the colour 
of copper. (H. Rose.) I Berzelius distinguishes two allotropic modifica- 
tions of titanium, which he calls respectively Zia and 7Zi8; Ti a— 
prepared by Rose’s method from bichloride of titanium by means of ammo- 
nia, takes fire when heated in the air and burns vividly, yielding titanic 
acid; it is oxidized by boiling nitric acid, and readily dissolved by aqua- 
regia. 7% B,on the contrary, which is the modification ubtained by the ordi- 
nary methods, is well known to resist the action of heat and strong acids. {J 


Atomic weight of titanium: 24:295 (H. Rose); 23°665 (Mosander); the 
mean being about 24, % 314:7 or 25°17 (Pierre, Ann, Chim. Phys. 3, 
20, 257). 7 


Compounds of Titanium. 
TITANIUM AND OXYGEN. 
A. Tiranous OxIpe. 


The following experiments render probable the existence of an oxide 
of titanium containing less oxygen than titanic acid. ; 

If titanic acid made into a paste with oil is exposed in a charcoal 
erucible for six hours to the heat of a blast-furnace, the outside appears 
covered with a brown crust; within this is a stratum full of cavities con- 
taining gold-coloured particles, probably consisting of metallic titanium 5 
and in the centre is a denser mass composed of small, bluish-black, shining 
needles [probably titanous oxide]. (Laugier.) 

When titanic acid, unmixed with any carbonaceous matter, is strongly 
ignited in a charcoal crucible, the mass becomes coated externally with a 
crystalline, copper-coloured crust of titanium; but in the interior there is 
formed a black substance, producing a grey and somewhat brilliant streak, 
not dissolved by any acid, even by a mixture of hydrofluoric and nitric 
acids ; very slowly oxidized when ignited in the air, and scarcely even 
by fusion with nitre; and lastly, dissolving in microcosmic salt before the 
blowpipe to a black, dark red, or hyacinth-coloured glass. (Berzelius.) 

Titanic acid heated to whiteness in a charcoal crucible y itself, loses 
only 5 or 6 per cent. of oxygen; the resulting black mass is probably, 
therefore, a mixture of titanic acid with titanous oxide. It imparts 
an amethyst colour to glass, and forms wine-red solutions with the stronger 
acids, but not with acetic acid. From these solutions ammonia precipi- 
tates a beautiful blue, gelatinous hydrate, which, however, is rapidly 
decomposed by the water at ordinary temperatures, and converted into 


titanium. (Berthier, dun. Ohim. Phys. 50, 374.) 
-. Wher titanic acid is ignited 
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“white titanic acid. When titanic acid mixed with 12 per cent. of char- 


coal, is strongly ignited in a charcoal crucible, it loses from 13 to 16 per 
cent. of oxygen, and is converted into a yellowish brown, granular, very 
friable mass, having a metallic lustre. With 24 per cent. of charcoal the 
titanic acid loses at most 20 per cent. of oxygen, and leaves a cake 
coloured black by admixture of charcoal.—In these experiments with 
charcoal, titanous oxide is probably formed, surrounded with metallic 


‘a ed with filings of purified zine in a covered 
crucible till the latter passes off in vapour, and the rest of the zine sepa- 
rated by means of hydrochloric acid, the titanic acid remains unchanged 
in weight, in the form of a black powder, which, when ignited in the air, 
becomes white again without increase of weight. (H. Rose.) _ 

In the above experiment of Rose, a black powder is obtained if the 
temperature is raised only to low redness; but if one part of titanic 
acid is introduced with 10. parts of zinc into a glass flask, the neck 
of which is drawn out to a small diameter, and the vessel is then heated 
in an earthen crucible filled up with sand, till all the zine is sub- 
limed, the residue, after being treated with hydrochloric acid, yields a 
deep indigo-blue powder. A dirty blue powder is likewise obtained; 
when vapour of zinc is passed over titanic acid (or acid titanate of soda), 


_ ignited in a porcelain tube, and the greenish-blue mass is freed from zine 


and cadmium by digestioti in hydrochloric acid. The blue powder, when ~ 
ignited in oxygen gas, increases somewhat in weight, and assumes a dark 
yellow colour which becomes paler on cooling; after this treatment, hydro- 
chloric acid dissolves out fresh portions of zinc and cadmium, (Kersten, 
Pogg. 50, 318; also J. pr..Chem. 20, 373.) 

Clay containing titanic acid is turned blue by ignition with de-oxidizing 
substances. Muftles made of the titaniferous clay of Cracow, which have 
been used for the distillation of zinc, become partially vitrefied, and then 


“assume a beautiful violet blue-colour. Meissner porcelain-clay made into 


a pasty mass with oxide of zine, charcoal, sugar, and water, and ignited first 
gently and afterwards strongly in a crucible with the cover luted down, 
sometimes acquires a light blue colour, and sometimes becomes black 
from admixture of charcoal; but in the latter case it may be turned blue 
by gentle ignition in the air, The clay does not acquire a blue colour ~ 
without the addition of oxide of zinc. The mixture of titaniferous marl 
and coke-dust in the hearths of the Freiburg blast-furnaces exhibits a 
lavender-blue colour at the end of the smelting process. (Karsten.) . 
- Many fluxes, in which titanic acid is dissolyed, are coloured violet- 
blue by deoxidizing agents:—e, g., borax or microcosmic salt, by the 
action of the interior blowpipe-flame. (Berzelius.) 

A mixture of potash or soda glass with titanic acid, fused in a crucible 
the sides of which are covered with zinc, or a mixture of oxide of zine 
and charcoal, yields either a black or a dingy violet-coloured glass, A 
mixture of silica, alumina, lime, and 5 per cent. of titanic acid, similarly 
treated with zinc, gives a lavender-blue—and with tin instead of zinc, a 
beautiful blue enamel; with 10 per cent. of titanic acid, the colour is 
deeper; a powerful heat and the total exclusion of atmospheric air, are 
necessary for the success of this operation. (Karsten.) The blue colour 
of many slags is also due to the presence of titanous oxide. (Berthier.) 
The blue colour of many of these slags, however, is not caused by tita- 


nium, but by their conversion into Reaumur's porcelain. (Fournet.) [ Vid. 
IIL., 385.] | | Fuge? 
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Zine, tin, and iron, and likewise copper, when aided by heat, ‘first 
impart a violet or red colour to the solution of titanic oxide in various 
acids, and then precipitate a powder of the same colour, possibly consisting 
of titanous oxide combined with oxide of zine, &e, The same precipitate 
is obtained on adding an alkali to the solution coloured by the above- 
mentioned metals. But whether obtained by the slow action of these 
metals, or by the addition of an alkali, it is soon converted into white 
titanic acid, sometimes by the action of the air, sometimes when the air 
is excluded (according to H. Rose and Berthier), by the decomposition of 
water. By a careful addition of alkali, according to Berthier, white 
titanic acid is first precipitated, and then the coloured titanous oxide, 


I Sesquioxide of Titanium.—When anhydrous titanie acid is very 
strongly ignited in a current of dry hydrogen gas, it becomes black and 
loses considerably in weight. From a determination of ‘the actual loss of 
weight, Ebelmen concludes that sesquioxide of titanium is produced. 
The residue is not acted on by nitrie or by hydrochloric acid, but dissolves 
in sulphuric acid, forming a yiolet-coloured solution, (Ebelmen, Azn. 
Chim. Phys. 20, 385.) 


B. Tiranic Oxipn or Trranic Aocrp, TiO? 


Binoxide of Titanium, Oxyde de Titane—Found native as Rutile 


and Anatase. » 
Formation. The metal prepared by the first method undergoes no 
alteration in the air, at ordinary temperatures; at a red heat it is slowly 
oxidized, first becoming black, and ultimately changing into the white 
oxide. (Wollaston.) The metallic laming obtained by the fourth method 
burn when heated in the air, and form titanic acid (H. Rose, Liebig); the 
powder obtained by the fifth method burns with still greater facility. 
(H, Rose.) The metal prepared by the first method is superficially 
oxidized by nitre at a red heat, and acquires a purple or blue colour; 
borax and carbonate of soda act only in proportion to the tendency of 
the metal itself to oxidize in the air, The addition of nitre as an 
oxidizing agent to borax, together with a small quantity of carbonate of 


. Soda to promote the union of the borax with the nitre, causes the titanium 


to dissolve rapidly in the borax in the form of titanic acid; from the fused 
mass, water separates a white powder (acid titanate of soda) which is 
soluble in acids. (Wollaston,) Titanium exposed at a red heat to a 
current of steam, is converted, with rapid disengagement of hydrogen gas, 
into titanic acid, (Regnault, Ann. Chim. Phys, 62, 355,) Titanium pre- 
pared by the first method is neither dissolyed nor oxidized by sulphurie, 
hydrochloric, hydrofluoric, nitric, or nitro-hydrochloric acid, not even at 
the boiling points of these liquids (Wollaston); but it dissolves in a hot 
mixture of nitric and hydrofluoric acids, (Berzelius,) The metal obtained 


'. by the fourth method is not soluble in hydrochloric acid, and dissolves 


with great difficulty in hot nitric acid, but more readily in aqua-regia ; that 
prepared by the fifth method dissolves with greater facility. (H, Rose.) 

Preparation. The substances from which titanic acid is extracted, 
are rutile (titanic acid, contaminated with ferric oxide, and mangani¢ 
oxide, and sometimes also with stannic oxide, silica, and alumina) and 
titaniferous iron (titanate of ferrous oxide). The latter may be freed 
from the greater part of the iron by repeated boiling with fresh quantities 
of hydrochloric acid, | 
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1: One part of powdered rutile or titaniferous iron, after digestion in ae 
hydrochloric acid, is fused with 2 parts \ f hydrate of potash ina silver 
- crucible (Laugier), or with 3 parts of carbonate of potash (H. Rose); in a 
platinum, silver, black-lead, charcoal, or earthen crucible. The mass is 
then digested with cold water, and the insoluble acid titanate of potash, 
contaminated with sesquioxide of iron, 1s washed with the same liquidtill @ ~ 
it begins to ‘pass through the filter and render the wash-water milky. 
_* The solution contains the excess of potash in combination with manganic | 
. acid, stannic acid, silica, alumina, and a trace of titanic acid; as soon as 
the water ceases to contain any considerable quantity of free potash, the 
acid titanate of potash is carried with it through the filter. For the sepa- 
Pies ration of the sesquioxide of iron, the following methods are employed: 
at a. The washed residue is dissolved in cold concentrated hydrochloric - 
- ‘acidan operation which takes a long time—and the solution, diluted 
) with water, filtered, and heated to the boiling-point—the more complete 
precipitation of the oxide of titanium being promoted by the addition of 
oxalic acid or oxalate of ammonia. Lastly, the precipitate is well washed 
-~ and ignited. (Laugier.) Instead of oxalic acid, sulphuric acid may also 
be used. In either case, however, the oxide of titanium carries down 
‘with it a portion of ferric oxide, by which, after ignition, it is slightly 
tinged with yellow even when cold. (H. Rose.) . 
-- 6. The solution of the washed precipitate in concentrated hydrochloric 
~ acid is diluted with water, filtered, and kept in a state of ebullition for a 
- considerable time—by which means nearly all the titanic acid (mixed 
with iron and manganese) is precipitated. The precipitate, while still 
hot, is thrown upon a filter, and washed with boiling water acidulated 
with hydrochloric acid; because when washed it with pure water, especially 
“if cold; it runs through the filter. The acidulated water dissolves a small 
quantity of the oxide; but it may be recovered by evaporating the liqnid. 
To free the washed titanic oxide from all traces of oxide of iron, it is dis- 
~ solved, while freshly precipitated, in strong hydrochloric acid, and again” 
precipitated by dilution in water and boiling. It is then washed with 
boiling water acidulated with hydrochloric acid, and the same operations 
repeated five or six times, till a portion of the titanic oxide thus obtained 
exhibits a snowy whiteness after ignition and cooling. A considerable 
quantity of titanic oxide remains in the acid filtrates; but it maybe reco- - 
_. vered by precipitation. (H. Rose.) 3 
c. The hydrochloric acid solution of the washed residue is precipitated 
by ammonia, and the washed precipitate, consisting of titanic acid chemi- __ 
cally combined with the oxides of, iron and manganese, is digested with 
hydrosulphate of ammonia, which dissolves any oxide of tin that may be 
present, and converts the sesquioxides of iron and manganese into hydro- 
sulphates of the protoxides, which are then removed by hydrochloric acid, 
the titanic acid being left behind in a state of purity. (H. Rose.) ~~ 
d. The hydrochloric acid solution is mixed with tartaric acid and 
water; supersaturated with ammonia—which, when a sufficient quantity 
of tartaric acid is added, produces no precipitate ; the iron and manganese | 
precipitated by hydrosulphate of ammonia; the solution filtered and evapo- 
trated to dryness; and the residue ignited under a muffle; the pure oxide’. 
then remains behind. The oxide of titanium obtained by this process — 
may be contaminated with lime, since commercial tartaric acid contains a 
portion of that substance. (H. Rose.) | 
e. The washed residue is dissolved in cold hydrochloric acid of medium 
«,. Strength; the solution diluted with a very large quantity of water; then 
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saturated with hydrosulphuric acid; filtered, in case any precipitate of 
sulphide of tin is formed; and the titanic acid, together with hydrosul- = 
phate of. ferrous oxide, precipitated from the filtrate in a close vessel. by - “4 
ammonia, The whole is then allowed to settle quietly; the clear liquid 
_ decanted off; the precipitate treated with an aqueous solution of sulphur- 
®@ ous acid-in excess, to dissolve the ferrous hydrosulphate; and the insoluble - 
residue of titanic acid lastly washed and ignited. (Berthiery Ann. Chim. 
Phys. 50, 862; also Ann. Pharm. 5, 246.) ae 
_ f. The hydrochloric acid solution of the-titanie acid containing sesqui- 
oxide of iron, is boiled with an excess of sulphide of ammonium aslongas 
the precipitate first formed continues to increase. It is then filtered ange. 
washed, out of contact of air, to prevent the iron from becoming oxidized 
and thereby precipitated. The whole of the iron remains dissolved inthe 
liquid, in the-form of protoxide; but every trace of the titanic oxide ig | 
precipitated. -(Berthier, WV. Ann. Ohim. Phys. 7, 85.) 
_ 2. Hydrosulphurie acid gas is passed over “finely pounded titaniferous 
- Ironror rutile strongly ignited in a porcelain tubey as long as water con- — 
tinues to be formed. The resulting mixture of titanic acid and sulphide - 
of iron is digested with concentrated hydrochloric acid, which dissolves 
the iron with disengagement of hydrosulphurie acid and precipitation of 
sulphur; and the remaining titanic acid is washed with.water and ignited, 
As it still, however, retains a portion of iron, and consequently exhibits a. - 
reddish colour, the same process is once more repeated; it is then obtaied — 
perfectly white and pure. Ferruginous titanic acid may always. be puri- 
fied in this manner. If the porcelain tube is not ignited very strongly, 
the titanic acid which is obtained passes through the filter on being 
washed. A better process, however,sis the following: The purified 
titaniferous iron is fused in a hessian crucible with sulphur, and the 
resulting mixture of titanic acid, sulphide of iron, and sesquioxide of iron 
(from the action of air) is treated with hydrochloric acid. The titanic 
‘acid, which is still red from the presence of iron, is washed and ignited, . a i 
* and-lastly heated to redness in a porcelain tube, and subjected’to the 
action of hydrosulphuric acid as above. (H. Rose.) ie 
3. A mixture of one part of finely-divided titaniferous schorl with 
from 1 to 2 parts of carbonate of soda, and } to 1 part of sulphur is 
thrown. into a red-hot crucible by small portions at a time, in proportion 
_as the mass subsides. The whole is then kept at a moderate red heat for 
some time, whereby it is reduced to.a pasty consistence. The resulting 
; black mass, which has a jet-like lustre, and contains the greater part of 
the titanium in the state of titanous oxide, is powdered and diffused. in 
& boiled water; tlie liquid decanted; and the insoluble portion treated in 
the*¢old with dilute sulphuric acid, whereby the whole of the iron and a 
‘portion of the titanous oxide are dissolved, The latter is then precipitated 
from the solution by the cautious addition of carbonate of soda, while the 
‘ protoxide of iron remains dissolved. The portion left undissolved by 
the dilute sulphuric acid, is gently heated with oil of vitriol; and a solu- - 
tion thus obtained, consisting of titanous oxide nearly free from iron. | 
The portion not dissolved by the oil of vitriol is a mixture of carbon and sa 
_ * titanic acid, which, after roasting, is obtained perfectly white and free ~ Se 
] - from iron. It is better first to fuse the rutile with the carbonate of soda 
in a silver crucible, and afterwards the powdered mass with sulphur ina 
__- erucible lined with charcoal. (Berthier.) . 
_ 4, A mixture of powdered rutile and carbonate of soda is exposed in 
a charcoal crucible to the heat of a blast-furnace; the black crystalline 
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~ ignited; titanic. together with a trace of iron, (Berthier, 
Ann. Chim. Phys. 50, 804.) tee 3 3 
5, Chloride of titanium prepared from rutile by the second method 
(III. 479) is dissolved in water, and the titanic oxide precipitated by 
_ ammonia and ignited. _ : | 
ss Properties. —Native Titante Acid occurs in two dimorphous states: 
a. Rutile, Titaniferous Schorl—Crystalline system the square prismatic; 
7 Fig. 28, 29; Fag. 39, without the p-face, but with a-faces (of the second 
square-based octohedron), and having the lateral edges between g and 7, 
replaced by planes (whereby a sixteen-sided prism is formed); also in. 
__ other forms, especially hemitropic macle-crystals; ¢:¢ = 128° 4), a:g= 
122°51'; cleavage parallel to g and 7. (Hauy.) Specific gravity = 4249 
(Mohs.) Softer than quartz. Translucent; brownish-red; yields a 
brownish-yellow powder. 


b, Anatase,—Crystalline system the square prismatic. Acute square- 
based octohedrons, Jig. 21, frequently truncated (p-face), or accuml- 
nated with four faces. Jig, 22, ¢:¢ = 97° 38; e: ¢ = B77 104 

- ¢ = 111° 25’; cleavage parallel to eand p. (Hauy.) Specific gravity 
<= 3:826 (Mohs.) Harder than apatite. Translucent; blue, inclining to 
brown, red, and black; yields a greyish-white powder, a , 


ze { Brookite, discovered by Soret and described by Levy, belongs to 
the right prismatic system; has precisely the colour and lustre of rutile; 
and, like that mineral, ig insoluble in all acids except boiling oil of 
vitriol, Occurs in opaque crystals of specific gravity 4167 ... 4169; its 
density is increased by ignition, A specimen from Snowdon, analyzed 
‘by Rose, contained, besides titanic acid, only 1°41 per cent. of iron, 
(H. Rose.) T 

Artificial Titanic Acid,—White powder, of specific gravity 3:9311; 
assumes a yellow colour when heated. When precipitated by ammonia 
and subsequently ignited, it appears, according to H. Rose, as a brownish 
solid mass, having a diamond lustre and resembling rutile.—Tasteless ; 
reddens only that portion of tincture of litmus which it absorbs. (H. Rose. ) 
Fuses only before the oxyhydrogen blowpipe,—[For its behaviour with 
fluxes, see page 486. | | ge 


q According to H. Rose (Ann. Pharm. 58, 267), titanie acid is sus- 
ceptible of two modifications corresponding to those of the metal; (vid, 
Silicium, p. 852). TiO*a, is precipitated from solutions of titanic acid by 
ammonia, and is soluble in dilute acids, both in the moist state and after 
careful drying; moreover, its ‘solution may be diluted with cold water 
without becoming turbid, It becomes incandescent when ignited. Ti0’B 
is thrown down on boiling a solution of the acid in a stronger acid, (as the 
hydrochloric) and may also be obtained by igniting TiO?«. It is inso- 
luble in all acids except boiling oil of vitriol, in which it dissolves slowly; 
does not emit light when ignited, and recovers its original whiteness on 
cooling. T 
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Decompositions—1. By potassium or sodium at a red h at, with 
moderate incandescence; the product being potash or soda, and a black 


powder, which is not susceptible of metallic lustre, and cach to be a. 


mixture of titanium and titanic acid [or titanous oxide? (H. Rose.)— 
2. By charcoal at a white heat, it is reduced to the metallic state 
3. With bisulphide of carbon, at a strong red heat, it yields carbonic acid, 
carbonic oxide, and sulphide of titanium. (H. Rose.)—H ydrosulphurie 
acid imparts a black colour to ignited titanic acid, but the blackness is 
removed by subsequent ignition in the air. (H. Rose.) —Hydrogen gas and 
carbonic oxide do not affect titanic acid at ared heat. According to Pfaff, 
the Norwegian rutile, when exposed to the oxy-hydrogen blowpipe-flame, 


fuses at first to a slag, and is then, apparently, reduced. to a metallic. 


globule. [iron ). 


Combinations,—a. With water: HypratE or Trranic Actp.—Prepared 
by precipitating a solution of titanic oxide in an acid by means of an 
alkali, or by decomposing titanate of potash with hydrochloric acid,— 
White; and, when recently precipitated, flocculent and bulky; sometimes. 
also rather gelatinous, especially when prepared by the .second process, 
When washed with water, it passes through the filter in the form of .a 
milky liquid, and at the same time clogs up its pores; this inconyenience 
however, does not occur if the water is mixed with an acid, an alkali, or~ 
a salt, The hydrate precipitated by boiling a dilute solution, becomes 
covered, while drying, with a brown shining film. (Rose.) The hydrate 
loses its water when heated, blackening at first and then emitting a feeble 
light, (Chevreul, Ann, Chim. Phys. 13, 249.) Whether the precipitated — 
titanic acid contains anything more than hygroscopic water, and if so, 
what proportion, has not yet been determined; probably after drying it 
should be regarded as anhydrous, amorphous titanic acid, and only in the 
recently precipitated gelatinous state, asa hydrate. 

* Titanic Acid precipitated by ammonia and dried in vacuo over oil 
of vitriol, consists of TiO®, HO, together with a small quantity of am- 
monia, which cannot be removed by washing, and to the reducing. action 
of which must be ascribed the blackness assumed. by. precipitated. titanic 
acid on ignition, (H, Rose, Ann. Pharm. 53, 267.) UT . 


6. With Acids: yielding the Sarrs or Trrantc Oxipz. The affinity 
of titanic oxide for acids is very feeble. Both the native crystallized 
oxide and the ignited artificial oxide, dissolve only in hydrofluoric acid, 
and when finely pounded, in boiling oil of vitriol. Hence a solution can 
only be obtained by digesting in the other acids, either the hydrated 
titanic acid or the acid titanate of potash which remains after fus- 
ing titanic oxide with carbonate of potash, and washing away the 
soluble portions with water. Solution is effected but slowly, much more 
rapidly and abundantly, however, by using concentrated acids either 
cold or very slightly warmed, than when hot dilute acids are employed. 
The titanic acid precipitated by ammonia and washed with cold water, 
dissolyes the most readily; that which has been washed with hot water. 
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less perfectly; and the precipitate obtained by boiling a dilute hydro- 
chloric acid solution, least readily and completely of all. (H. Rose.) 

The solutions are sometimes yellow, sometimes colourless, and have 
a very rough and acid taste. They yield on evaporation an amorphous 
residue, which, when the acid has escaped during the evaporation, no 


longer dissolves completely in water.—Tin, zine, and iron immersed 


in acid solutions of titanic oxide, produce a blue colour at first, and 
afterwards throw down, from tin-solutions, a “purple-red, and from 
zinc-solutions, a violet-coloured powder (of titanous oxide?) which 
appears reddish-brown by transmitted light, and after the lapse of a few 
days, is again converted into the white oxide. The hydrochloric acid 
solution, after being boiled for some time with copper, assumes a cherry- 
red colour, and then yields, on the addition of ammonia, a dark cherry-red 
precipitate, which, after a short time, is again converted into white titanic 
acid. (Fuchs, J. pr. Chem. 18, 495.\—Solutions of titanic oxide are 
decomposed-at. the boiling point, especially when they do not contain an 
excess of acid and are diluted with water, the oxide being precipitated 
in the form of avery insoluble basic salt. The smaller the excess of 
acid, the more complete is the precipitation. Sulphite of ammonia boiled 
with the salts till sulphurous acid ceases to be disengaged, precipitates — 
“the whole of the titanic oxide; the precipitate is free from sulphurous 
acid and easy to wash. (Berthier.) Phosphoric, sulphuric, arsenic, 
oxalic, and tartaric acid and their alkaline salts (but not nitric, acetic, or 
citric acid), added to a solution of titanic oxide in hydrochlorie’ acid, 
made as neutral as possible, precipitate a white salt (more completely, 
however, when aided by heat), soluble in excess of hydrochloric acid, and 
likewise in an excess of the acid used for precipitation. The caustic 
alkalis, alkaline carbonates, and alkaline hydrosulphates give off carbonic 
acid or sulphuretted hydrogen, and throw down white gelatinous 
flakes of hydrate, which are slightly soluble in excess of the alkaline 
carbonates only. When iron is present, the precipitate produced by the. 
alkaline hydrosulphate assumes a green or blue colour, from admixture of 
hydrated sulphide of iron. Ferrocyanide of potassium produces a dense 
orange-brown precipitate, soluble in excess of the reagent. If the solu- 
tion contains sesquioxide of iron or a large excess of acid, the precipitate 
is coloured dark green, from formation of Prussian blue. Tincture of 
galls added in large quantity gives a dense brownish-red precipitate. 
Hydrosulphuric acid does not affect the salts of titanic oxide. 


c. With Salifiable Bases: producing the Satts or Tiranic ActD, or 
-Trranates. Some of these compounds are found native, others are pre- 
pared by fusion, and others again in the wet way. When reduced to fine 
powder, they dissolve in moderately warm concentrated hydrochlori¢ acid. 
Boiling dilute hydrochloric acid, on the contrary, precipitates the greater 
part of the titanic acid in the form of a white powder. They are mostly 
insoluble in water. the 


Titanic oxide does not appear to unite with carbonic acid. 
» * 


TITANIUM AND PHOSPHORUS. : 


A. Puospuipe or Tirantum.—By strongly igniting phosphate of 
~ titanium with charcoal and a small quantity of borax, Chenevix obtained 
a white, brittle, granular phosphide of titanium, fusible before the blow- 


pipe. 
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B. PospuirE or Trrantc OxmpE.—An aqueous solution of chloride 
of titanium dissolved in water, is precipitated by an aqueous solution of 
terchloride of phosphorus neutralized with ammonia.—W hite precipitate, 
which, when ignited in a retort, evolves hydrogen gas mixed with vapour 
of phosphorus, and leaves a black residue, in which the titanic aid is 
not reduced to the state of titanous oxide. (H. Rose, Pogg. 9, 47.) 


C. PaHospHatE oF Trrantc OxipF.—Precipitated on mixing’ phos- 
phoric acid with the hydrochloric acid solution of titanic oxide, in white 
bulky flakes, which are soluble either in an excess of phosphoric acid or 
of the solution of titanium, and dry up to a shining, gummy mass. If the 
solution of titanium contains ferric oxide, the latter is completely preeipi- 
tated together with the titanium. (H. Rose.) 


TITANIUM AND SuLpuour. 


A. SULPHIDE oF TiTantuM.—1, Titanic. acid formed into lumps_ by 
moistening it and afterwards pressing and drying, is strongly ignited in 
a porcelain tube, and vapour of bisulphide of carbon, evolved by the 


application of a moderate heat from a retort attached to one end of the — 


tube, is passed over it—the carbonic acid and undecomposed sulphide of 
carbon being conducted from the other end of the tube under water ; the 
apparatus is then allowed to cool, and afterwards taken to pieces, A 
portion of the titanic acid is very apt to escape decomposition; some 
black sulphide of titanium, probably protosulphide, is also produced. (H. 
Rose.) 2. A mixture of one part of rutile with one part of dry car- 
bonate of soda, one part of sulphur, and sometimes also ¥ pt. of charcoal, 
is strongly pressed into a crucible and covered with a stratum of charcoal ; 
the whole is then strongly ignited, though not so long nor at so high 
a temperature as in the preparation of metallic titanium. (IIL, 467 .) The 
dense, fused, black mass thus obtained, contains a great number of yellow. 
scales of sulphide of titanium. The mass is coarsely pounded, digested 
with water, and the solution of sulphide of sodium decanted from the 
black residue. The latter is treated with oil of vitriol, which dissolves a 
large quantity of titanium, and the remaining sulphide of titanium puri- 
fied with water. Should any black grains of titanous oxide be found 
mixed with it, the sulphide is once more fused with carbonate of soda 
and sulphur; if, however, the quantity of titanous oxide is but small, 
the sulphide of titanium, which is lighter, may be separated from it by 


levigation. (Berthier.) ‘| 3. When a mixture of bichloride of titanium 


and hydrosulphuric acid gas is passed through a red-hot tube, the tube 

becomes covered with a stratum of crystalline scales, having a brilliant 
“metallic lustre and yellow colour, like mosaic gold. In moist air, they 
exhale a faint odour of hydrosulphuric acid; they are not soluble in 
hydrochloric or in dilute sulphuric acid, but dissolve in aqua-regia without 
appreciable residue. (Ebelmen, Ann. Chim. Phys. 20, 385.) T Dark 
green mass, which becomes brazen-yellow by pressure; leaves a stain like 
talc ; and when rubbed on the skin, imparts to it a brazen-yellow colour, 
(H. Rose.) » Bronze-yellow scales, often of considerable breadth. (Berthier. ) 


Ebelmen. 
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When ignited in the air it burns readily, yielding titanic acid and 
sulphurous acid, which is volatilized, Detonates when heated with nitre. 
Decomposed when a current of dry chlorine gas is passed over it, the 
products being chloride of sulphur and chloride of titanium. Any titanic 
acid which may be mixed with the sulphide of titanium remains behind. 
With nitric acid it evolves heat, and is resolved, with disengagement of 


nitric oxide, into titanic acid and sulphur. It is oxidized by warm aqua-— 


regia, yielding titanic acid (the greater part of which remains undissolved) 
and sulphuric acid. Dissolves slowly in hydrochloric acid, with evolution 
of hydrosulphuric acid. (H. Rose.) At a tolerably strong red heat, it 
decomposes vapour of water with great facility, and is converted into 
titanic acid, with disengagement of hydrosulphuric acid and a quantity of 
hydrogen gas. (Regnault.) [The free hydrogen is probably produced 
from the decomposition of the hydrosulphuric acid by heat; if so, sulphur 
must likewise be set free.] Digested with an aqueous solution of caustic 
potash, it is rapidly converted into white titanate of potash which is 
precipitated, and hydrosulphate of potash which dissolves: 


TiS? +2KO = Ti0?+ 2KS. 
Not soluble in bi-hydrosulphate of potash. (H. Rose.) 
B. Sunparre or Trrantc Oxipnr.—Hydrated titanic oxide dissolves 


very sparingly in an aqueous solution of sulphurous acid, and is again 
completely precipitated on boiling. (Berthier.) 


C. Sunpuate or Tritantc Oxmpn.—a. Basie sulphate—A dilute 
solution of titanium in hydrochloric acid, is precipitated by sulphuric 


acid. (Sesquioxide of iron and potash remain dissolved in the liquid.) | 


White; reddens moist litmus paper strongly. By ignition it is converted 
into pure titanic oxide. After drying it rapidly absorbs moisture. Dis- 


solves in an excess of sulphuric acid, and also in an excess of the hy- 


drochloric acid solution of titanium. (H. Rose.) 


. H. Rose. 
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When this salt is dissolved in excess of sulphuric acid, and the 
solution diluted with water or alcohol, a similar salt is precipitated, but 
containing variable proportions of its constituents; im one experiment, 


73°55 per cent. of titanic oxide, 9°68 of sulphuric acid, and 16°77 of 


water were obtained. Probably a mixture of a and b. (H. Rose.) 

b. Acid sulphate-—1. Titanic oxide reduced (if previously ignited) to 
fine powder, is digested with a mixture of one part of oil of vitriol and 
2 pt. of water, till the whole of the water is expelled; the temperature 
is then raised—but not to redness—to drive off the excess of sulphuric 
acid; and the residue is dissolved in a small quantity of water. (Berze- 
lius.) 2. Hydrated titanic oxide, basic titanic sulphate, or acid titanate 
of potash (in which case sulphate of potash is produced at the same 
time), is dissolved in moderately dilute sulphuric acid, an operation 
which requires considerable time. Colourless solution, from which, on 
diluting with water, (especially if heat be applied at the same time) or 
on adding alcohol, the compound a, containing however a somewhat 
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larger proportion of acid, is precipitated. (H. Rose.) By dissolving 
chloride of titanium in sulphuric acid, and evaporating the solution in 


. vacuo over caustic lime, Ebelmen obtained an imperfectly erystallized 


mass having a violet colour. The solution became colourless on boiling, 
from separation of titanic acid. By analysis, Ebelmen obtained a 
quantity of sulphuric acid larger than that required by the formula, 
T?O*, 380%. (Ebelmen, V. Ann. Chim. Phys. 20, 385.) 7 


TITANIUM AND CHLORINE. 


7 A. Sesquicutoripe or Trrantum.—Prepared by the action of 
hydrogen gas on bichloride of titanium at a high temperature. Small, 
dark violet-coloured scales, which, when heated in a platinum crucible 
in contact with air, evolve bichloride of titanium and leave a quantity of 
titanic oxide; a similar decomposition takes place at ordinary tempera- 
tures, but much less rapidly. This compound is much less volatile than the 
bichloride and deliquesces in the air. When dissolved in water, it is pro- 
bably converted into Ti20%, 3HCl. The solution is violet-red, but becomes 
colourless on exposure to the air, in consequence of the formation of titanic 
acid. With alkalis it yields a dark brown precipitate, quickly changing 
to black, then to blue, and lastly to white, with disengagement of hydro- 
gen. With alkaline carbonates it behaves nearly in the same manner. 
Hydrosulphuric acid does not affect it; sulphide of ammonium acts like 
the caustic alkalis. Sesquichloride of titanium is a powerful reducing 
agent. Sulphurous acid is reduced when heated with it, sulphur being 
deposited. Gold, silver, and mercury are precipitated by it from their solu- 
tion, in the metallic state; and salts of ferric oxide are reduced to salts 
of ferrous oxide. When evaporated to dryness, it evolves hydrochloric 
acid, and leaves a blue oxy-chloride of titanium. Besides the sesqui- 
chloride and a small quantity of metallic titanium, the above process 
likewise yields golden-yellow scales, which Ebelmen is disposed to regard 
as Protochloride of Titanium. (N. Ann. Chim. Phys. 20, 885.) 


Calculation. Ebelmen. 
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B. Bicutoripe or Trrantum.—1. Chlorine gas dried by means of 
chloride of calcium, is passed over titanium ignited in a glass tube (in the 
cold, no effect is produced). The chloride of titanium condenses in the 
cooler part of the tube. (George, Ann. Phil. 25, 18; also Schw. 44, 48; 
and Pogg. 3, 171.)—2. Dry chlorine gas is passed over a red-hot mixture 
of titanic acid and charcoal. For this purpose, powdered rutile may be 


used, because the liquid chloride of titanium can be separated by decan- 


tation or distillation from the fixed chloride of iron which is produced at 
the same time. (Dumas, J. Pharm. 12, 300; also Pogg. 7, 582; also Ann, 
Chim. Phys. 33. 386.) Even the heat of an argand spirit-lamp is suffi- 
cient. (W ohler.) To free the chloride of titanium from excess of chlo- 
rine, which gives it a yellow colour and also the property of dis+ 


charging vegetable colours after dilution with water, it is agitated with 


small quantities of mercury and distilled two or three times in a small 
retort containing mercury. (Dumas.) H. Rose rectifies it four or five 
times from mercury or potassium. rs 
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Transparent, colourless, very dense liquid. Boils at 135° when the 
barometer stands at 0'763 metres (80 inches), and yields a vapour of 
specific gravity 6°836. (Dumas.) Has a pungent, acid odour, and.emits 
dense white fumes in the air. , | a 
j Hi. Rose. . Volume. Sp. gr. 
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It is not decomposed by potassium at its boiling point; but if its 
vapour is passed over heated potassium or sodium, the titanium is reduced 
with so violent a disengagement of light and heat, that the tube actually 
fuses at the point where the action takes place. (H. Rose.) | 

Hydrochlorate of Titanic Oxide.x—1. Formed by mixing bichloride of 
titanium with water. The combination is attended with very great rise 
of temperature.—2. Hydrated titanic oxide (even that which has been 
precipitated by boiling), or acid titanate of potash (in which case a small 
quantity of chloride of potassium is formed), is dissolved in concentrated 
hydrochloric acid. By the first method, provided only a very small 
quantity of water be used, the salt may be obtained in a solid state. 
(George.) The second method yields a yellow liquid, which, by careful 
evaporation, may be freed from excess of hydrochloric acid. When the 
solution is evaporated to dryness, a residue remains, which, according to 
Chevreul, leaves, on being again treated with water, a large quantity of 
titanic oxide no longer soluble in hydrochloric acid. When still further 
heated, the oxide loses the whole of its acid. The hydrochloric acid 
solution of titanic oxide-diluted with three times its bulk of water, 
yields, even at a temperature below its boiling point, a deposit of basic 
hydrochlorate of titanium. The same precipitate is obtained at ordinary | 
temperatures after standing for several months. (Chevreul.) 


C. CutoripE or TITANIUM WwiTH PHOosPHURETTED HyDROGEN.— 
Phosphuretted hydrogen gas, either of the more or the less inflammable 
variety, after being dried by passing over chloride of calcium, is brought in 
contact with purified chloride of titanium in a close vessel. The chloride 
absorbs the gas and is first converted into a greasy yellow substance; but 
when completely saturated—for which purpose a large quantity of gas 
is required—it forms a solid brown mass which fumes on exposure to the 
air. No hydrochloric acid is set free during the process. The brown 
compound, when heated in a close vessel, evolves hydrochloric acid gas, 
and a small quantity of phosphuretted hydrogen (the latter especially, if 
it had been previously saturated with the gas as much as possible), 
and sublimes in the form of a lemon-yellow substance (to be described 
under D), with which a portion of free phosphorus is likewise mixed; a 
copper-coloured residue is left, consisting of metallic titanium. From 
the presence of air and moisture, however, a small quantity of titanic 
oxide blackened with metallic titanium is likewise produced. The brown 
compound is decomposed by water, by aqueous hydrochloric acid, and by — 
the aqueous solutions of caustic potash and ammonia or their carbonates, 
evolving phosphuretted hydrogen gas with effervescence. Water and 
hydrochloric acid form a solution of hydrochlorate of titanium; the 
alkalis precipitate titanic oxide. Whether the compound has been 
prepared with the more inflammable or with the less inflammable phos- 
phuretted hydrogen, the gas, disengaged by the above-mentioned re-agents, 
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—with the exception of caustic ammonia, which evolves spontaneously 
inflammable phosphuretted hydrogen—is always of the non-spontaneously 
inflammable variety. Consequently the less inflammable gas may be 
rendered spontaneously inflammable by combining it with chloride of 
titanium and afterwards setting it free by ammonia; and the spontane- 
ously inflammable gas converted into the less inflammable variety by 
disengaging it with water, &c. Ammoniacal gas, being a more powerful 
base, expels the phosphuretted hydrogen gas from the brown compound, 
even in the cold, converting it, at least for the most part, into chloride of 
titanium and ammonium. (H. Rose.) 


C. Cunoripe or Trranium witn Hyprocutoric Actp AND PuHos- 
PHURETTED HyprocEen.—The lemon-yellow substance sublimed by heat- 
ing B. When sublimed, or when treated with water, hydrochloric acid, 
or the alkalis, it exhibits the same characters as B, but has a different 

composition. (H. Rose.) 


Calculation. H. Rose. 
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The 68°38 parts of chlorine, found by Rose, belong to the chloride of 
titanium and the hydrochloric acid together. 


D. Corie or Sutpnur anp Tirantum.—l. A mixture of chloride 
of titanium and chloride of sulphur yields at ordiary temperatures 
splendid, large, yellow crystals.—2. Chlorine gas is passed over sul- 
phide of titanium. The sulphide first deliquesces to a yellow liquid, 
which is probably a compound of chloride of titanium with a chloride of 
sulphur containmg less than 2 atoms of sulphur. After absorbing 
more chlorine, the liquid solidifies to an indistinctly crystalline, pale 
yellow substance, which melts at a gentle heat, and again becomes crys- 
talline on cooling; sublimes undecomposed when gently heated; and emits 
dense white fumes in the air. It contains one atom of TiC? combined in 
variable proportions with less than one atom of SCF. 

TiS?, when decomposed by chlorine, should yield one atom of chloride 
of titanium to every 2 atoms of chloride of sulphur; but the principal part 
of the latter appears to pass off with the chlorine. Rose found that at a 
moderate heat the compound evolved chloride of sulphur, while the residue 
still continued solid. The four following specimens examined by Rose 
_were prepared at different times. The specimen ¢ was sublimed several 
times in’a current of chlorine gas, by which means a larger quantity of 
chloride of sulphur was volatilized. 
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The compound deliquesces rapidly in the air, and its solution in water 
contains titanic oxide, hydrochloric acid, sulphuric acid, and hyposulphu- 
rous acid. It dissolves completely in dilute nitric acid with evolution of 
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red fumes, and yields a solution which contains titanic oxide, hydrochloric — 
acid, and sulphuric acid, but no hyposulphurous acid. — Fuming nitric acid 
converts it into a thick white mass which dissolves completely in water. 
(H. Rose.) | 


TITANIUM AND FLUORINE. 


A. Frvortwe or Trranium and Br-wypRoFLuate oF T1raNntc OXIDE. 
When titanic oxide is distilled in a leaden retort with fluorspar and oil 
of vitriol, no gas is evolved, but after a considerable time some yellow 
oleaginous drops (fluoride of titanium?) appear, which are decomposed 
by water, with separation of titanic oxide (or of B?). If a glass retort 
is used, gaseous fluoride of silicium passes over mixed with fluoride of 
titanium. (Unverdorben, WV. 7'r. 9, 1, 32.) 

By evaporating terhydrofluate of titanic oxide at a gentle heat, a 
syrupy liquid is obtained, from which crystals of the bihydrofluate - 
separate. These crystals are resolved by water into terhydrofluate of 
titanic oxide which dissolves in the liquid, and the insoluble basic salt B. 
(Berzelius. ) “ae 

Fluoride of titanium enters into combination with other metallic 
fluorides, forming compounds called Trrano-FLuoRIDES, which, in the 
state of solution, may likewise be considered as hydrofluates of titanic 
oxide and another base. They are prepared by dissolving a salifiable base 
in terhydrofluate of titanic oxide, and afterwards evaporating the solu- 
tion. They contain one atom of bifluoride of titanium combined with 
one atom of another metallic fluoride. (Berzelius.) The potassium com- 
pound, for instance, consists of KF, TiF?, and when in solution may be 
regarded as KO, HF + TiO®, 2HF. The titano-fluorides sustain a red heat 
without decomposition. 


B. Oxy-FLVORIDE oF TrraNtum.—The white powder precipitated in 
the decomposition of crystallized bihydrofluate of titanic:oxide by water. 
It does not part with its fluorine at a red heat. The fluorine can only 
be expelled by projecting carbonate of ammonia into the ignited crucible 
containing the salt. (Berzelius.) | 


C. Trr-nypDROFLUATE oF Titanic Ox1pr.—Hydrofluotitanic Acid.— 
Corresponds to the terhydrofluate of silica or hydrofluosilicic acid. Tik” 
+HF or Ti0?+3HF. Known only in solution. Formed by the decom- 
position -of the crystallized bihydrofluate of titanic oxide with water; 
or by dissolving titanium in a warm mixture of hydrofluoric acid and 
nitric acid, or of titanic oxide in aqueous hydrofluoric acid. In the latter 
case, the oxide becomes heated on the addition of the hydrofluarie acid, 
and, after long digestion, is completely dissolved. (Berzelius, Pogg. 41.) 


Warwickite.—Belongs to the right prismatic system; ig. 61, with the — 
edge between wu! and wu (the m-face) replaced by a plane; w : u=93°.... 
94°. Cleavage parallel to ¢. Specific gravity from 3:0 to 3:14. Brown 
inclining to black. At the thin edges it appears translucent and of a 
reddish brown colour. Warwickite contains 64°71 per cent. of titanium, 
7:14 of iron, 0°80 of yttrium, and 27°33 of fluorine, with a trace of alu- 
mina. (Shepard, Sill. Amer. J. 34, 313; 36, 85.) Hence it must contain 
T?F. This mineral must not be confounded with Varvicite, (Vid. Man- 
ganese, Chapter XXIII.) : . 
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TITANIUM AND NITROGEN, 


_ A. Nirrate or Trranic Oxrpe.—Prepared by dissolving hydrated 
titanic oxide or acid titanate of potash in nitric acid. 


_ B. Trranatr or Ammonra ?—When ammonia is added to the milky 
mixture of hydrated titanic acid and water, a coherent flocculent preci~ 
pitate is formed, which can be easily washed on the filter. (H. Rose.) 


C. Carponate oF Titanic OxipE anp AmMonta.—When an acid 
solution of titanium is dropped into a large excess of carbonate of 
ammonia dissolved in water, the resulting precipitate is redissolved, aud on 
boiling the liquid, titanic oxide is thrown down. (Berzelius.) 


D. Ammonto-Cutortwwe oF Trrantum. — When ammoniacal gas 
dried by means of hydrate of potash, is passed over chloride of titanium, 
it is rapidly absorbed with great evolution of heat. The current of 
ammoniacal gas must, however, be kept up for a long time, and the mass 
frequently stirred in order to ensure that the whole of the chloride—which 
otherwise becomes partially enveloped by the new compound—may be 
saturated with ammonia. The product must be rapidly enclosed in dry, 
well stopped bottles. If the compound still smells of ammonia when 
the bottles are opened after some time, it may be considered to be tho- 
roughly saturated ; otherwise it evolves a white cloud, and must be again 
treated with ammonia. Brownish red powder. (H. Rose.) Pale yellow. 
(Persoz.) 


H. Rose. Persoz. 
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According to the analysis of Persoz, it consists of 3NH°, TiCl’. 

When this compound is heated im a glass tube, it first evolves 
a small quantity of ammoniacal gas, provided it has previously been 
completely saturated with ammonia—then a portion of sal-ammoniac 
—then a quantity of hydrochloric gas, doubtless accompanied by ni- 
trogen,—and yields, besides a residue of metallic titanium, a yellowish 
white sublimate, which is found to be a compound of chloride of titanium 
with hydrochlorate of ammonia, and is acid only from adhering hydro- 
chloric acid. If the compound has absorbed moisture from the air and 
thereby become white, it leaves titanic acid instead of metallic titanium 
when heated in a glass tube, and yields a sublimate of sal-ammoniac. 
The anhydrous compound is decomposed with vivid incandescence by 
heated potassium or sodium, (III., 468.) It absorbs moisture greedily, 
becomes white, and deliquesces in a very moist atmosphere; with water 
it yields a solution which is not perfectly transparent. 2NH®, TiC’ with 
2HO should form 2(NH%, HCl)+ TiO*, the sal-ammoniac being dissolved, 
and the whole of the titanic oxide precipitated. The quantity of titanic 
oxide actually precipitated is, however, very small; and the precipitation 
is not complete even on the addition of ammonia; which, together with 
the fact that bichloride of platinum precipitates from the solution only 
half the ammonia—indicates that the ammonio-chloride of titanium dis- 
solves in water without decomposition, and not as a mixture of sal- 


ammoniac and titanic oxide. (H. Rose.) Bora 
: i oe 
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E. Cutoriwe or Trranium witH SAL-AMMONIAC, or CHLORIDE OF 


TrTANIUM AND AMMoNIUM.—Thisisthe yellowish white sublimate obtained 


by heating Din a glass tube. When sublimed a second time, it exhi- . 


bits the same decompositions as D. Dissolves in water without turbid- 
ity. Appears to contain sometimes 13 At. sometimes 3 At. of sal- 


ammoniac, according to the manner in which it has been prepared—and. 


more especially according to the number of sublimations to which it has 
been subjected. (H. Rose.) ede 


x Ths Rose. 
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FE. Fuvorwwe of TitaNtIuM witH HypRoFLUATE OF AMMONIA, or 


FLvoRIDE oF TITANIUM AND AMMonIuM.—a. In equal numbers of atoms. 
—NH‘F, TiF?.—Formed by adding ammonia to terhydrofluate of titanium 
till the titanic oxide which is precipitated ceases to redissolve, and eva- 
porating the solution to the crystallizing point.—Brilliant scales. — W hen 
distilled in a platinum vessel, at a temperature considerably below red- 


ness, it yields, without fusing, a sublimate of hydrofluate of ammonia, 


and leaves 6. : 
b. With excess of Fluoride of Titantum.—Probably NH*F, 2Tik’.— 


This substance fuses at an incipient red heat, and sublimes unchanged 


in amorphous flakes, which are soluble in water and have a rough, acid } 


taste. A large excess of potash is required to precipitate the whole of — 


the titanic oxide; and after the precipitation, the liquid smells of ammo- 
nia. (Berzelius. ) 


TITANIUM AND PoTASSIUM. 


A. TrranatE oF PorasH.—a. With excess of Potash.— Hydrated ‘ 


titanic oxide and the titanates of potash, 6 and ¢, are slightly soluble 
in excess of caustic potash. (Vauquelin, Rose.) The precipitate pro- 


duced on dropping hydrochlorate of titanic oxide into an excess of potash, — 


redissolves in the latter; dilute sulphuric acid causes reprecipitation. 
(Wohler.) : 
b. Monotitanate.—One atom of titanic acid fused with excess of car- 


bonate of potash, appears to expel one atom of carbonic acid. Two ~ 


fluid strata form in the crucible; the upper stratum consists of the excess 
of carbonate of potash, which remains undecomposed and contains but a 
trace of titanic acid; the lower is monotitanate of potash.—If the fusion 
is arrested before the action has ceased, the carbonic acid still evolved 
from the interior of the mass forces its way with a cracking noise through 
the hardening surface, and renders it uneven.’ From an aqueous solution 
of carbonate of potash titanic acid does not expel carbonic acid. (H. 
Rose.) Titanic acid yields the same compound when fused with hydrate 
of potash as when fused with its carbonate. By boiling titanic acid with 
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solution ot caustic potash, a white bulky compound is formed (according 
to Vauquelin), which may consist either of 6 or ¢ in the hydrated state. 
Monotitanate of potash forms a yellowish fibrous mass, more fusible 
even than carbonate of potash.—Titanic acid, fused in atomic proportion 
with carbonate of potash before the blowpipe, yields a transparent yellow 
bead, which, on cooling, crystallizes to a dark grey glass, and in so doing 
again becomes red-hot. (Berzelius, Lehrbuch.)—-The salt is resolved by 


- water into the salt a which dissolves, and hydrated acid titanate of 


potash which remains behind. 

ce. Acid Titanate.—Obtained in the hydrated state by decomposing 6 
with water, and afterwards washing till the water begins to pass milky 
through the filter. Soft white powder, which, like hydrated titanic 
oxide, diffuses itself through water in a very finely-divided state, and in 
this state passes through the filter. After ignition, it contains from 17°33 
to 18°01 per cent. of potash combined with 82°67...81°99 of titanic acid. 
(H. Rose.) 

d. Hypertitanate.—The salt ¢ is treated with concentrated hydrochloric 
acid and the mixture supersaturated with ammonia and then filtered. 


The precipitate, after ignition, contains 8°7 per cent. of potash with 91°3 
of titanic acid. (H. Rose.) 


B. CarBonate oF TirAnic OxIpE AND Potasu.—Prepared like the 
double carbonate of titanic oxide and ammonia; in this case, however, 


the oxide is not precipitated by ebullition alone, but only by boiling with 
sal-ammoniac. (Berzelius, Lehrbuch.) 


C. SunpuHate oF Titanic Oxipe anp Porasn.—Titanic oxide dis- - 
solves in melted bisulphate of potash, yielding a transparent glass. Water 
renders the glass milk-white, and separates the greater part of the titanic 


oxide. The dissolved portion may be precipitated by ammonia. (Wohler, 
Pogg. 7, 423.) 


D, Fuvoripe or Trrantum anp Porasstum and Hypror.vate oF 
Trranic OxipE and Porasn.—Potash is added to terhydrofluate of tita- 
nic oxide till a permanent precipitate begins to form. The liquid, on 
cooling, deposits scales which resemble boracic acid, and.when dried become 
milk-white and exhibit a silky lustre. On exposure to heat, the scales 
give off small quantities of hygroscopic water and fluoride of titanium, 
and fuse at a white heat, without undergoing any further change. When 
heated with potassium, the salt is decomposed with vivid incandescence, 
yielding titanium and fluoride of potassium. Bisulphate of potash fused 
with it, separates only a small portion of fluoride of titanium. It dis- 
solves readily in water, without decomposition. Contains 38°7 per cent. 


of potash, 35-0 of titanic oxide, and 26:3 of hypothetically anhydrous 
fluoric acid. (Berzelius.) 


TITANIUM AND Sopium. 


A. Tiranate or Sopa.—a. Monotitanate.—100 parts of titanic acid 
fused with from 5 to 12 times its weight of dry carbonate of soda, disen- 
gages between 46°18 and 50-96 parts of carbonic acid. (H. Rose.) [As 
one atom of Ti0’=40, and one atom of CO?=22, (40 : 22=100: 55) 


100 parts of titanic acid should expel 55 parts of carbonic acid. |— 


An under stratum of monotitanate of soda is formed in the crucible, 
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and an upper stratum, consisting of undecomposed carbonate—Mono- 


titanate of soda, when treated with water, is resolved into soda which 
dissolves in the liquid, and insoluble hydrated acid titanate of soda, (H. 
Rose.)—Before the blowpipe, titanic oxide dissolves in carbonate of soda 
with effervesceuce, yielding a glass which is dark-yellow while hot— 
greyish white when cold, and is not absorbed by the charcoal. I the 
quantity of soda is just sufficient to retain the whole of the titanic oxide 
in solution at ordinary temperatures, the glass becomes crystalline at ~ 
the very moment when it ceases to glow, and thereby evolves so much 
heat, that it again becomes red-hot and continues so for some time. (Ber- 
zelius. ) 


b. Acid Titanate.—Prepared by decomposing a with water and after- 
wards washing the precipitate till the water begins to pass milky through 
the filter. Small, white, sandy grains, containing from 15°14 to 15°30 
per cent. of soda, from 74°73 to 75°47 of titanic acid, and from 10°13 to 
9:23 of water. (H. Rose.) 


c. Hypertitanate.—The salt 6 is first treated with concentrated hydro- 
chloric acid, then with excess of ammonia, and filtered. A compound 
remains, containing between 3°8 and 3°44 per cent. of soda, and between — 
96°2 and 96°56 of titanic acid. (H. Rose.) 


B, CaRBoNATE OF TiITANIc OxIDE AND Sopa.—Prepared in the same 
manner as the double carbonate of titanic oxide and potash. 


C. Before the blowpipe titanic oxide dissolves in borax, yielding a 
colourless or yellowish glass, which becomes milk-white by slight flaming, 
or—if it contains a larger quantity of the oxide—by mere cooling. In the 
deoxidizing flame it acquires a bluish purple colour. When it contains a 
larger quantity of titanic oxide and is exposed to the reducing flame on 
charcoal, it becomes dark yellow while hot, and blackish blue on cooling; 
by subsequent flaming it is rendered light blne and opaque; inasmuch as 
the titanous oxide formed imparts a reddish blue colour, and the remain- 
ing titanic oxide renders the glass white and opaque. (Berzelius.) 


D. The glass which titanic oxide yields with microcosmic salt in the 
exterior blowpipe flame is colourless or yellowish; after long exposure 
to the reducing flame on charcoal (the reduction is promoted by the 
addition of a small quantity of tin) it appears yellowish while hot, and 
becomes violet blue on cooling. If the quantity of titanic oxide is very 
large, the blue colour thus produced is so dark that the glass becomes 
opaque, without however forming an enamel. The presence of iron 
changes the reddish blue colour into red, (Berzelius.) 


EK. Fiuoripe or Titanium anp Sopium and HypRoFLvaTE oF TiTA- 
Nic OXIDE anp Sopa.—Indistinct crystals, forming a saline crust; much 
more soluble in water than the potash compound. (Berzelius.) 


TITANIUM AND CaALcIum. 


Perowskite, which is found crystallized in cubes, contains titanic acid 


and lime. (G. Rose.) 
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Fivoripe oF Titanium anp Catctum anp Hyprorivate oF Tr- 
TANIc Oxipr AND Limz.—Carbonate of lime is dissolved in terhydro- 
fluate of titanic oxide and the solution evaporated to a small bulk,—Pris- 
matically formed crystals, which dissolve without alteration in acidulated 
water, but are decomposed by pure water, yielding an acid solution, and 
a white powder which contains an excess of fluoride of calcium. (Ber-. 


- zelius. ) 


TITANIUM AND MAGNESIUM. 


Fivuorme or Tirantum anp Macnestum anp HypRoFLUATE OF 
Trtantc Oxipr anv Magnesta.—Crystallizes by spontaneous evapora- 
tion in long needles, which have a bitter taste, are decomposed by pure 
water, and dissolve completely in acidulated water. (Berzelius.) 


TITANIUM AND ZIRCONIUM. 


TiTaNATE oF ZrRcoNIA.—Precipitated from a mixture of hydrochlo- 
rate of zirconia and hydrochlorate of titanic oxide on the addition of sul- 
phate of potash. (Berzelius.) 

Polymignite.—Crystalline system the right prismatic, Fig. 61, 

especially with the m and a-faces. Specific gravity = 4°8. Harder than 
felspar. Infusible before the blowpipe. Decomposed by oil of vitriol. 
(Berzelius.) 
__, deschynite.—Crystalline systém the right prismatic, Fig. 67, with 
a-faces; uw: w= 127°; uw: t= 116°; wv: a=169°; ¢ :4=148° or nearly 
so. Specific gravity = 5:14. (Brooke.) When heated it evolves water 
and traces of hydrofluoric acid. Swells up before the blowpipe, and 
fuses, at the edges only, to a black slag. (Hartwall.) 


Polymignite, according to Berzelius. Aeschynite, according to Hartwall. 

ORT. Sy VA 5 Re 4°20 Cal) ~sitot ace eee 3°8 
7 8 et 5 ee 11°50 FB an MAR A ANOLE 20°0 
29 SAPROES Ge a a 14°14 CeOF Sai ae ee 15°0 
8, eee 5:00 BOC ee ee 2°6 
a a Ro. 2°70 PO Te. hak Mesa, wees 56°0 
bY a a 12°20 SHOF Oech bee ey 0°5 
ERO eis eictcs nclets 46°30 
KO, MgO, SiO?, SnO? traces 

96°04 97°9 


TITANIUM AND SILICIUM. 


A. TITANATE AND SiLicaTeE oF Porasu.—Remains behind when 
titanic oxide is ignited with excess of silica and carbonate of potash, after 
the carbonate and silicate of potash have been washed out with water. 
While still moist, it is very soluble in concentrated hydrochloric acid, 
yielding a solution which, when diluted and boiled, becomes covered with 
a constantly renewed film, and deposits flakes which are rather soluble in 
water. Ammonia added to the solution precipitates a mixture of silica 
and titanic oxide, and the precipitate, after drying at a gentle heat, yields - 
titanic oxide to concentrated hydrochloric acid. (H. Rose.) 
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B. Trranate and Siuicare or Lrme.—Titanite, Sphene.—Cr, 

line system the oblique prismatic. Primary form: (2g. 81, with imerou 

modifications; w’ : wu = 133° 48’; p : the edge between w and w 


127° 39’, Cleavage parallel to p and u. (G. Rose.) Specific gravity 


from 3°5 to 3°6. Harder than apatite. Transparent, iridescent. Before 


the blowpipe it swells up slightly and fuses at the edges to a dark glass. 


~ Dissolves with tolerable facility in borax, forming a transparent yellow 


: glass in which the colour of the titanium (IIT., 486, C) does not appear. 


Dissolves with difficulty in microcosmic salt, the undissolved portion ~ 


becoming milk-white; in the inner flame, the glass acquires the colour 


which is characteristic of titanium, more readily however on the addi- 


tion of tin. With carbonate of soda it yields a turbid glass. (Berze- — 


lius.) It is decomposed by hydrochloric acid, which separates silica in a 
bulky form and containing titanic acid—the lime, together with a por- — 


tion of the titanic acid, being dissolved. 


Klaproth. Cordier. 
Passau. St. Gothard. 
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DEMO Seis ciccsentn eri inc neat 93 wae OO 19 pease wie OO ee mae, 
CCS OS Son meron We Ue pe BO loa RE ode 5 a 33°3 
CaO,38i0? + 2(CaO, TiO”)? 257... 100°00 tea EQS es 93°5 


Mosandrite.—C onsists principally of titanic acid, silicie acid, protoxide if 


of cerium, and oxide of lanthanum, together with potash, lime, mag- © 


nesia, and water. 


OrnER Compounns or TITANIUM.’ 


ie 


Vauquelin and Hecht did not succeed in alloying titanium with : 
arsenic, lead, copper, or silver; neither did Walchner succeed in alloying — 


it with tin, lead, copper, or silver. According to Berzelius (Pogg.1, 221), -~. 
titanium, in combination with other metals, is oxidized and dissolved by 


acids; whereas, when pure, it withstands their action. — 


, @ 
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Nors to page 466.—Wohler has lately shown that the copper-coloured ; 


crystals of titanium, which occur pretty frequently in the slags of blast- 
furnaces, and have hitherto been supposed to consist of metallic titanium, 


are really composed of cyanide and nitride of titanium. They contain ~ 


18 per cent. of nitrogen and 4 per cent. of carbon, and are%represented by 
the formula: aoe 


| Ti,C2N+3TBN or TiCy+3TBN. | 
The titanium obtained by Rose’s method (p. 468) is likewise a nitride of 


_ titanium, Ti?N*, containing 28 per cent. of nitrogen. (Compt. rend., Nov. 
5,1849.) | 


END OF VOL, III. 


i pe ly ei Dae i el 9 et a ee : 
LONDON: PRINTED BY HARRISON AND SON, ST. MARTIN’S LANE, 7 


ee te em geome EE, er ee, me On See — a eS es a, TS —_ ~ _ ~ ete, 


1% 
AY 


eh Sains 


Seg 


AA 


Ueraary ga? 
Yoav 


ak 
SN 


Wak vanes 


